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PREFACE 


The  Public  Rangelands  Improvement  Act  of  1978  directs  in  part 
that  the  Bureau  of  Land  Management  and  the  National  Academy  of 
Sciences  contract  for  performance  of  a research  study  on  wild  horses 
and  burros.  This  report,  which  is  submitted  in  partial  compliance 
with  the  Act,  is  the  final  report  on  Phase  I.  It  assesses  the  current 
state  of  our  relevant  knowledge  and  sets  forth  in  detail  the  kind  of 
research  effort  that  could  provide  information  now  lacking  but 
essential  to  sound  management  of  wild  and  free-roaming  horses  and 
burros.  Phase  II  of  the  study  is  now  under  way,  and  a final  report 
from  the  Academy  will  be  submitted  to  the  Bureau  in  1981  (see  Chapter 
1 for  a more  detailed  discussion  of  the  study) . 
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NOTE 

The  section  of  the  report  on  equid  demography  (see  Chapter  2)  was 
rewritten  after  its  initial  drafts  following  considerable  Committee 
discussion.  The  Committee,  with  the  exception  of  Dr.  Patricia 
Moehlman,  reviewed  the  rewritten  section  and  approved  it.  The 
Committee  had  earlier  agreed  that  if,  during  preparation  of  the 
report,  any  Committee  member  was  out  of  the  country,  and  if  his  or  her 
review  of  new  material  would  hold  up  the  release  of  the  report,  that 
member  would  be  asked  to  forego  additional  review.  Since  Dr.  Moehlman 
was  out  of  the  country  at  the  time  the  rewritten  material  on 
demography  became  available,  she  did  not  review  it,  but  she  may  if  she 
so  desires,  provide  additional  reactions  or  information  at  a later 
date. 
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EXECUTIVE  SUMMARY 


BACKGROUND  OP  THE  REPORT 

The  Public  Rangelands  Improvement  Act  of  1978  (PL  95-514)  and 
contract  AA  551-CT9-16  between  the  Bureau  of  Land  Managment  (BLM)  and 
the  National  Academy  of  Sciences  (NAS)  direct  NAS  to  impanel  a 
committee  to  assess  the  state  of  knowledge  on  wild  horses  and  burros , 
recommend  research  to  fill  gaps  in  knowledge,  oversee  the  research 
during  its  conduct,  and  compile  all  relevant  information  at  the  end  of 
a 2-year  research  effort.  The  state-of-knowledge  assessment  and  the 
research  design  were  designated  Phase  I of  the  total  undertaking,  and 
this  document  is  the  final  report  of  Phase  I.  It  reviews  knowledge 
about  a wide  array  of  topics,  recommends  13  research  projects,  and 
discusses  information  relative  to  policy  questions  without,  itself, 
advocating  policy. 

The  Committee  on  Wild  and  Free-Roaming  Horses  and  Burros  was 
impaneled  in  June  1979.  It  divided  its  task  among  three  subcommittees 
with  responsibility  for  horse  and  burro  biology,  effects  on  other 
ecosystem  components,  and  sociopolitical  and  economic 
considerations.  Following  the  introductory  statement  in  Chapter  1, 
the  main  body  of  this  report  is  divided  into  four  major  sections. 
Chapters  2,  3,  and  4 correspond  to  the  subject  matter  investigated  by 
the  three  subcommittees,  and  Chapter  5 is  concerned  with  research  and 
management  methodology.  There  are  also  three  appendixes. 


BIOLOGY  OP  HORSES  AND  BURROS 
History  emd  Paleontology  of  Equids  in  North  America 

The  mainstream  of  equid  evolution  occurred  in  North  America. 

Fossil  evidence  shows  the  presence  of  a large  horse  and  an  ass, 
structurally  indistinguishable  from  the  modern  horse  and  donkey,  as 
recently  as  11,000  years  ago.  Their  extinction  occurred  at  that  time 
along  with  the  demise  of  a number  of  other  species  of  large  mammals. 
Modern  wild  horses  and  asses  were  reintroduced  into  North  America  by 
the  Spaniards  in  the  late  15th  century.  Some  observers  believe  that 
the  vegetation  in  the  West  was  vulnerable  to  the  introduction  of 
domestic  herbivores  because  it  had  experienced  little  grazing  pressure 
since  the  late  Pleistocene  period.  These  observers  consider  equids  to 
be  particularly  disruptive  to  the  ecosystem  because  they  are  alien  to 
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the  region.  However,  the  view  may  need  to  be  tempered  by  a knowledge 
of  the  paleohistory  of  equids  in  North  America.  The  possibility 
exists  that  there  are  vacant  niches  into  which  these  animals  could  fit. 


Social  Organization 

Two  types  of  social  organization  have  been  reported  in  wild 
equids:  (1)  the  harem  or  stable  family  group,  with  a dominant  male; 

and  (2)  the  territorial  form,  in  which  stable  bonds  occur  only  between 
mother  and  offspring.  These  may  constitute  the  extremes  of  a 
continuum  along  which  different  species—and  different  populations 
within  a species — occur,  depending  on  environmental,  social,  and 
population  factors.  For  example,  feral  asses  (burros)  in  the  arid 
southwestern  United  States  have  little  social  structure  except  for  the 
mother-young  relationship,  exist  at  low  densities,  and  display 
considerable  aggressive  behavior.  In  constrast,  asses  on  humid 
Ossabaw  Island,  Georgia  form  stable  groups  and  display  little 
aggressive  behavior. 

Under  conditions  of  dry— season  water  stress  in  arid  areas,  asses 
concentrate  within  3 km  of  water  sources,  amd  lactating  females 
commonly  threaten  and  reject  their  own  young  when  they  attempt  to 
nurse.  Concentration  of  the  animals  around  watering  areas  has  a heavy 
impact  on  local  vegetation.  Arid-land  burros  are  browsers  and  may 
spend  up  to  half  their  time  feeding.  On  Ossabaw  Island,  however, 
burros  are  grazers  and  spend  only  about  a third  of  their  time 
feeding.  Male  asses  in  the  Southwest  display  greeting  behavior  among 
themselves,  but  rarely  are  social  grooming  or  social  play  seen  among 
the  young.  Ossabaw  Island  animals  exhibit  the  reverse  of  these 
patterns. 

The  basic  social  organization  among  wild  horses  is  that  of  a 
family  group  with  a dominant  male,  subdominant  males,  and  females  and 
their  young,  but  some  variations  on  this  pattern  occur,  as  do 
exchanges  between  groups.  In  arid  areas,  distribution  of  horses  is 
oriented  around  water  during  the  dry  season,  but  in  areas  more  to  the 
north,  distribution  seems  to  be  oriented  around  availability  of  forage. 


Equid  Demography 


Horses 

Although  confined  domestic  fillies  begin  ovulating  and  breeding  at 
1 year  of  age,  only  one  2— year-old  mare  has  been  observed  to  bear  a 
foal  in  seven  wild  horse  studies  spanning  1 to  5 years'  duration.  A 
small  percentage  (mean  of  13  in  the  studied  herds)  breed  at  2 and  foal 
at  3 each  year  (gestation  period  is  about  11  months) . Evidence 
suggests  an  increasing  percentage  of  mares  foaling  in  each  older  age 
class,  as  occurs  in  domestic  horses,  with  around  two-thirds  of 
5-year-old  and  older  animals  bearing  young.  Whether  the  percentage 
declines  after  ages  10  to  12,  as  in  domestics,  is  not  known.  Wild 
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horse  breeding  is  highly  seasonal,  with  most  foals  born  from  April  to 
June. 

Only  crude  approximations  exist  of  first-year  survival  rates  in 
wild  horses;  the  available  values  range  from  50  to  36  percent.  Mean 
annual  adult  survival  rates  are  also  poorly  known,  but  most  estimates 
fall  between  75  to  95  percent.  Age  compositions  of  3,764  animals 
rounded  up  during  herd  reductions  show  that  the  greatest  numbers  are 
in  the  youngest  age  classes  (40  to  45  percent  of  all  animals  are  in 
the  foal  through  2-year-old  classes) , with  progressively  fewer  in  each 
older  age  group.  Males  slightly  outnumber  females  at  birth,  decline 
to  39  percent  of  animals  at  4 to  6 years  of  age,  and  then  may  increase 
again  slightly  in  the  older  age  classes.  Total  herd  sex  ratios 
approximate  55  percent  female. 

Population  increase  rates  calculated  from  BLM  and  a.S.  Forest 
Service  (USPS)  census  data  average  15  to  20  percent  annually  for 
western  U.S.  horse  herds,  rates  similar  to  those  quoted  by  these 
agencies  and  cited  in  a number  of  earlier  publications.  In  some 
cases,  these  may  be  magnified  by  (a)  increasing  commitment  to  and 
proficiency  at  censusing,  (b)  increasing  visibility  as  herd  sizes 
increase,  and  (c)  change  from  fixed-wing  to  helicopter  censuses  in  the 
1970s.  But  in  others,  the  experience  of  observers,  low-stature 
vegetation  and  moderate  topography,  and  fencing  which  prevents  ingress 
or  egress  would  seem  to  preclude  these  biases. 

In  contrast,  two  authors  have  projected  increase  rates  with 
population  models  that  incorporate  birth  and  death  rates  similar  to 
those  published  for  several  herds,  and  concluded  that  annual  herd 
increase  rates  well  below  10  percent  are  probable.  Similar 
calculations  with  life  tables  in  this  report  indicate  that  IS  to  20 
percent  increase  rates  can  only  occur  in  populations  with  geometric 
age  distributions  with  (a)  very  high  reproductive  rates,  and 
(b)  virtually  no  mortality.  Such  demographic  conservatism  is  produced 
in  populations  with  half  their  numbers  in  pre-breeding  or  low-breeding 
(3-year)  age  classes,  only  about  two-thirds  of  older  mares  foaling 
each  year  on  the  average,  and  some  mortality. 

The  question  of  increase  rates  is  central  to  horse  management,  and 
the  disagreement  cannot  be  resolved  with  presently  available 
information.  Research  is  needed  to  settle  the  question. 


Burros 

A small  percentage  of  2-year-old  burros  foal  1 year  earlier  than 
horses.  The  percentage  of  2-year-old  and  older  jennies  foaling 
exceeds  60  percent  per  year,  on  average,  with  the  2-,  3-,  and 
4— year-old  percentages  probably  exceeding  those  for  horses  of  the  same 
ages. 

Some  populations  breed  year-round,  albeit  with  spring-summer 
emphasis  in  some.  Survival  rates  are  less  well  known  in  burros  than 
in  horses,  but  some  evidence  suggests  high  first-year  loss  in  some 
areas  and  years,  low  in  others.  Age  compositions  are  roughly  similar 
in  the  two  species,  but  some  burro  populations  have  higher  percentages 
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of  foals.  The  earlier  breeding  and  higher  fertility  rates  potentially 
enable  burro  populations  to  increase  faster  than  horses,  but  reported 
rates  of  20  percent  per  year  and  higher  press  the  biotic  potential  of 
the  species,  given  geometric  age  distributions.  Some  populations  have 
been  reported  to  increase  very  slowly  or  not  at  all,  as  in  the  case  of 
several  Death  Valley  populations.  In  general,  burro  demography 
appears  more  variable  than  that  of  horses,  suggesting  some  sensitivity 
to  density  and  the  plasticity  of  a species  adapted  to  the  desert. 

Fecundity  rates  of  females  rounded  up  during  herd  reduction  could 
be  determined  readily  through  rectal  palpation. 


Genetic  Polymorphism 

A knowledge  of  genetic  polymorphism  in  horses  and  burros  could 
give  some  idea  of  the  minimum  herd  size  needed  to  survive  through 
periods  of  environmental  change,  and  could  delineate  the  racial 
lineage  of  wild  horses,  including  their  relationship  to  Spanish 
mustangs.  While  some  work  has  been  done  on  the  genetics  of  domestic 
horses,  none  has  been  done  on  wild  animals.  Modern  techniques  of 
blood-group  genetics  provide  a powerful  tool  for  addressing  these  two 
biological  questions. 


Nutrition 

While  burros  apparently  prefer  green  grasses  and  forbs,  they  are 
highly  opportunistic,  broad-spectrum  feeders,  and  are  capable  of 
surviving  on  high-fiber,  low-nitrogen  diets,  including  coarse  shrub 
branches,  yucca,  and  cholla  cacti.  Studies  conducted  so  far  show 
grasses  ranging  from  0 to  79.6  percent,  forbs  from  8.0  to  77.4 
percent,  and  browse  from  5.7  to  33.8  percent  of  burro  diets  at 
different  seasons  and  in  different  areas.  Horses  are  much  more 
selective  feeders.  Some  use  of  forbs  and  browse  has  been  reported, 
but  in  29  published  diet  analyses , consumption  of  grasses  ranged  from 
36  to  100  percent  of  total  diet,  averaged  89.4,  and  made  up  35  percent 
or  more  in  24  of  the  studies.  This  dietary  preference  coincides 
closely  with  that  of  cattle,  and  overlaps  to  some  degree  and  in  some 
seasons  with  those  of  elk,  bighorn  sheep,  bison,  and  pronghorn 
antelope.  Most  dietary  studies  have  not  related  animal  data  to 
vegetation  composition,  nor  have  they  described  spatial  and  habitat 
overlap  with  sympatric  ungulates  or  lack  thereof. 

There  is  some  reason  to  believe  that  equids  have  higher  forage 
intake  rates  per  unit  of  body  weight  than  ruminants  because  food  can 
pass  more  rapidly  through  the  equid's  cecal  digestive  system.  The 
ruminant  is  limited  in  its  throughput  rate  by  the  capacity  of  the 
rumen  and  the  fermentation  rate  that  occurs  there.  As  a result,  the 
equid  may  have  an  advantage  when  only  high-fiber  forages  are 
available,  since  it  can  compensate  for  the  low  nutrient  content  by 
increasing  its  intake. 
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Essentially  no  data  exist  on  the  nutritional  responses  of 
free-ranging  equids  in  western  North  America  to  the  well-studied  and 
well-documented  seasonal  changes  in  nutritional  content  of 
vegetation.  In  the  Southwest,  forage  quality  is  highest  in  late 
winter  and  early  spring  in  the  Mojave  Desert,  with  its  winter  rainfall 
season;  in  late  summer  and  fall  in  the  Chihuahuan  Desert,  with  its 
late— summer  season;  and  at  both  times  in  the  Sonoran  Desert,  with  its 
bimodal  rainfall  pattern.  In  the  Great-Basin-Intermountain  region, 
forage  quality  is  highest  in  spring  and  early  summer.  If  equids  can 
compensate  for  low-quality  forage  by  increasing  intake,  then  quantity 
rather  than  quality  may  be  the  factor  that  limits  food;  thus  equids 
may  be  less  subject  to  seasonal  nutritional  stress  than  are  ruminants. 


Heibitat  Preferences 

Understanding  habitat  preferences  and  uses  is  important  to 
detecting  competition  between  equids  and  other  herbivores,  wild  or 
domestic;  to  making  forage-allocation  decisions;  and  to  establishing 
site-suitability  criteria  for  equids,  domestic  animals,  and  wildlife. 
Competition  occurs  when  two  species  use  a common  resource  and  reduce 
it  to  the  point  where  the  numbers  of  one  or  both  species  are  limited. 
If  the  resource  is  not  reduced  to  this  point,  the  two  species  can  both 
use  it  without  competing.  It  is  conceivable  that  two  or  more  species 
of  herbivores  (a)  may  choose  and  occupy  different  habitats  and  thus 
not  compete;  (b)  may  have  overlapping  habitat  preferences  but 
segregate  through  behavioral  interaction,  thus  competing  only  if  food 
becomes  limiting;  (c)  may  occur  in  the  same  habitat  but  eat  different 
foods,  in  which  case  they  will  not  compete;  and  (d)  may  co-occur  and 
eat  similar  foods,  competing  only  when  food  becomes  limiting. 


Recommended  Research 

Seven  research  projects  on  the  biology  of  horses  and  burros  are 
r ecommended : 


Project 

1; 

Habitat  Preference  and  Use 

Project 

2: 

Pood  Consumption  Rates  and  Nutrition 

Project 

3: 

Nutritional  Plane,  Condition  Measures, 
Reproductive  Performance 

Project 

4 : 

Blood  Assays 

Project 

5; 

Demography 

Project 

6 : 

Social  Structure,  Feeding  Ecology,  and 
Population  Dynamics 

6 

• Project  7:  Genetic  Polymorphism. 

The  projected  2-year  span  for  the  research  is  unrealistic.  Because  of 
the  extreme  year-to-year  variability  of  environmental  conditions  and 
equid  performance,  no  comprehensive  picture  can  be  developed  in  less 
then  6 to  10  years.  Project  1 should  be  conducted  in  areas  not  less 
than  5 to  6 square  miles  per  experimental  treatment.  Projects  2 — and 
3 and  9 to  be  listed  later— can  be  carried  out  in  paddocks  of  100  to 
300  acres.  All  experiments  should  be  conducted  in  treatments 
involving  horses  only,  cattle  only,  and  horses  and  cattle,  each  at 
moderate  and  heavy  grazing  intensities.  Horses  and  cattle  are 
emphasized  here  because  the  possibility  of  their  competition,  both  for 
space  and  for  food,  seems  to  be  greatest,  if  funds  permit,  the 
research  could  be  repeated  with  burros  and  with  domestic  sheep. 
Projects  2 and  9 should  contain  control  areas  without  grazing. 


EFFECTS  OF  EQUIDS  ON  OTHER  ECOSYSTEM  COMPONENTS 

Impacts  on  Rangeland 

\ 

Although  it  is  widely  alleged  that  horses  and  burros  have  severe 
grazing  impacts  on  western  rangelands,  there  are  few  published  studies 
about  the  nature  and  extent  of  these  impacts.  Most  of  the  existing 
studies  are  on  grazing  effects  of  burros.  Studies  along  the  lower 
Colorado  River  and  in  Death  Valley  National  Monument  showed  heavy 
impacts  on  vegetation  from  grazing  burros  within  a radius  of  2 to  2.5 
km  from  water  areas.  Studies  in  the  Grand  Canyon  National  Park  showed 
heavy  impacts  at  the  Colorado  River  elevation  and  moderate  to  light 
effects  at  progressively  higher  elevations.  Range  in  Bandelier 
National  Monument  was  degraded  over  4,000  ha  by  107  to  120  burros.  A 
study  in  the  Lake  Mead  National  Recreation  Area,  however,  revealed  no 
major  impacts.  Little  controlled  research  has  been  done  on  impacts  of 
grazing  horses;  the  extensive  management  of  horse  ramge  apparently 
proceeds  largely  from  management-level  inventories,  experience,  emd 
judgment. 

The  range-ecology  conceptual  framework  used  in  livestock 
management  can  at  least  be  used  as  a starting  hypothesis  for,  if  it 
cannot  be  applied  directly  to,  equid  management.  In  this  scheme, 
plant-community  successional  trends  are  roughly  proportional  to 
grazing  intensity.  Properly  managed  grazing — which  takes  into  account 
the  species,  number  of  animals,  season,  and  distribution  of 
grazing — can  be  harmonious  with  most  resource  needs  and  values.  The 
specifics  of  managing  range  vegetation  vary  geographically  and 
seasonally  with  climate  and  vegetational  type.  Year-to-year  variation 
in  precipitation  can  be  a more  influential  factor  in  altering 
plant-community  composition  than  season  and  intensity  of  grazing. 
Annual  forage  production  is  strongly  correlated  with  that  same 
variation,  and  herbivore  numbers  properly  should  be  adjusted  to  the 
changes- 
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Interspecies  Competition 

Because  competition  only  exists  where  a population  is  limited  to 
some  degree,  it  is  best  demonstrated  experimentally  by  manipulating 
the  numbers  of  one  suspected  competitor  and  observing  whether  or  not 
the  other  responds.  If  the  population  cannot  be  manipulated,  a 
preliminary  indication  can  be  gained  by  calculating  the  resource  need 
of  each  species,  measuring  the  amount  of  resource  available,  and 
determining  whether  the  need  exceeds  that  available.  Ideally,  such 
calculations  should  be  combined  with  population-limitation  experiments. 

Burros  are  widely  claimed  to  compete  with  desert  bighorn  sheep  for 
water,  forage,  and  space.  Reports  on  water  are  conflicting  and  may 
depend  on  abundemce.  Competition  for  forage  could  occur  near  water 
holes.  Two  authors  indicate  that  sheep  avoid  areas  occupied  by 
burros.  While  all  of  this  evidence  is  equivocal,  several  authors 
point  to  negative  correlations  between  burro  and  bighorn  distribution 
in  space  and  time.  The  possibility  of  burro  competition  with  mule 
deer  has  been  reported  for  Bandelier  National  Monument,  and  there  is 
evidence  of  competition  with  small  mammals  in  Grand  Canyon,  Death 
Valley,  and  Bandelier. 

Less  work  has  been  done  on  horse  competition.  Dietary  overlap  has 
been  reported  for  some  seasons  and  some  areas  between  horses,  cattle, 
elk,  mule  deer,  pronghorn  antelope,  and  bighorn  sheep,  with  joint 
occupation  of  the  same  habitat  in  some  cases. 


Effects  of  Equids  on  Soils 

There  are  numerous  anecdotal  or  localized  reports  of  equids, 
mostly  burros,  compacting  soil  surface,  forming  trails  in  steep 
terrain  that  accelerate  erosion,  and  polluting  water  holes.  Equids 
are  potentially  capable  of  the  same  types  of  impacts  as  are  created  by 
livestock.  The  latter  have  been  thoroughly  studied. 

Overgrazing  (a)  reduces  protective  cover  and  increases  the  impact 
of  raindrops,  (b)  reduces  soil  orgemic  matter  and  soil  aggregates, 

(c)  increases  surface  vesicular  crusts,  (d)  reduces  infiltration 
rates,  and  (e)  increases  erosion.  Overgrazing  reduces  vegetation 
mulch,  increases  the  proportion  of  bare  ground  and  rock  cover, 
increases  soil  bulk  density,  and  reduces  moisture  infiltration  rates. 

Heavy  grazing  increases  the  sediment  load  of  watershed  runoff,  an 
effect  caused  mostly  by  vegetative  reduction,  but  also  partly  by 
trampling.  Serious  problems  of  sediment  production  in  the  riparian 
zone  are  often  associated  with  bank  instability.  Total  and  fecal 
coliform  counts  generally  increase  with  the  presence  of  livestock, 
especially  during  runoffs.  In  some  cases,  bacteria  are  stored  in  the 
bottoms  and  banks  of  streams. 
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Recommended  Research 

The  following  research  projects  are  recommended. 

Project  3:  Grazing  Impacts  on  Range-Plant  Communities 

. Project  9;  Hydrologic  Impacts 

• Project  10:  Riparian-Zone  Impacts 

Horse-cattle  studies  are  accorded^P^orit^ 

ir«  «".*SUTrrar and“ aaaa.  a^anciaa^watch  foe 

opportunltiaa  30  „da=tiona. 

^pulationa  ^ f aavetal  yeara  after  herd  tedoctiona 

r fd%rd.^rue3  ^t^e  .xtatenc.  of  in 

:rer3nrtbTo'4:fdT.^u=tr^^^^^^^^^^^^ 

years,  the  results  could  be  compared  to  create  a rougniy  c 
experiment. 


SOCIOECONOMIC  AND  POLITICAL  ISSUES 

in  the  Committee's  opinion,  several  kinds  of  socioeconomic  and 
in  tne  t-ommitte's  i-  facilitate  decision  making  in 

political  inforaation  ^3  ap^dant  informtion  on 

r“nU  "^d  fanlh  ^nlm“a  In  '=^3^'“l„“nora«  and 

^d^t^alysis^of  opti^r°^errfrr°tiS  equidf  and  management 
aflernaiCea,  and"(e,  evaluation  of  the  coata  of  exiatin,  legal 

“^“Th“?«a“tn“=ari“e;ature  on  wild  horae  and  burro  aattera  ia 

extenaive,  particularly  in  t.rma  of  ^3fp“^i“!!r.te  c'ontext 

oublic  agencies'  overall  land-management  responsibixities  ^ 

!n  i^Lfpoliciaa  concerning  wild  horaes  and 

conaiderri.  Mview  of  '3“*,3wsuita  fall  into  two 

iS°i;Ioning1Srad^S'ortS%"^^^ 
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-elied  upon  both  by  the  government  and  by  those  challenging 
federal — as  opposed  to  state-government  authority  over  the  animals. 
Concern  has  been  expressed  over  protection  of  the  animals, 
preservation  of  state  control,  impacts  on  rangeland,  and  the  validity 
of  information  and  views  on  population  characteristics  and  impacts  on 
other  wildlife  as  well  as  the  range  resources. 

There  are  almost  no  data  on  sociological  aspects  of  the  wild  horse 
and  burro  issue. 


Recommended  Research 

Six  research  projects,  one  of  which  is  designed  at  three  levels  of 
intensity,  are  recommended.  They  will  provide  a base  of  socioeconomic 
and  political  data  that  will  facilitate  decision  making  in  equid 
management.  The  projects  are  organized  into  three  groups  in 
descending  priority  in  terms  of  importance  of  information  and  urgency 
of  funding: 


Group  1 includes: 

• Project  llA: 

• Project  13: 

• Project  14: 

Group  2 includes : 

• Project  IIB: 

• Project  12: 

• Project  15: 


Taxonomy  of  Values  and  Benefits 

Management  Costs  of  Alternatives 

Economic  Considerations  for  Management 
Alternatives  Drawn  from  proposed  Research 
Programs 


Public  Preferences  for  Alternative 
Management  and  Control  Strategies 

Analysis  and  Evaluation  of  Demands  for 
Excess  Wild  Equids 

Nonmarket  Values 


Group  3 includes  Groups  1 and  2 and  adds  the  following 
investigations  to  provide  socioeconomic  data  necessary  to  a 
systems-level  understanding  of  wild-equid  management: 

• Project  IIC:  Public  Attitudes,  Preferences,  and 

Knowledge 

Conceptual  Development  of  Public 
Rangeland  Management  Models 


Project  16: 
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RESEARCH  AND  MANAGEMENT  METHODOLOGY 

Methodology  for  censusing  animal  populations  falls  into  three 
basic  categories:  (1)  indices,  (2)  complete  counts,  and  (3)  various 

kinds  of  estimates  based  on  sampling.  Indices  do  not  appear  to  have 
much  potential  in  equid  census,  because  they  do  not  provide  the 
estimates  of  actual  numbers  needed  for  forage  allocation  unless 
calibrated  to  total  numbers.  Current  agency  census  efforts  attempt 
complete  counts  from  the  air.  The  completeness  of  these — as  well  as 
the  effects  of  such  factors  as  vegetation  type,  topography,  airspeed, 
altitude,  type  of  aircraft,  and  observer  experience — remain  largely 
unstudied.  One  study  showed  experienced  observers  to  be  more 
efficient  at  spotting  horses  than  inexperienced  ones. 

The  accuracy  of  existing  censuses  must  be  tested  and  correction 
factors  devised  for  deviations  from  total  accuracy.  Several 
approaches  can  be  taken.  Complete  counts  are  most  likely  to  err  on 
the  conservative  side,  but  the  Committee's  impression  is  that  current 
horse  censuses,  especially  in  open  terrain,  are  reasonably  accurate. 
On  the  other  hand,  one  test  of  accuracy  of  a burro  census  in  Arizona 
showed  that  only  about  a third  of  the  burros  had  been  counted.  Some 
estimation  techniques~especially  mark-resight  methods — may  be  useful 
with  burros,  amd  plot  scunpling  may  be  possible  for  horses.  These 
methods  should  be  coupled  with  others,  preferably  complete  counts,  so 
that  accuracy  can  be  checked.  Accuracy  of  an  equid  census  can  be 
affected  by  relative  visibility,  which  may  increase  as  group  size 
increases;  by  observers'  experience,  as  mentioned  above;  and  by 
certain  approaches  to  random  sampling. 

Preliminary  analysis  of  BLM  and  USES  census  data  showed:  (a)  a 

failure  to  standardize  the  season  of  census,  which  raised  the  problem 
of  a seasonal  change  in  numbers  due  to  foaling;  (b)  an  abrupt  88 
percent  mean  increase  in  horse  numbers  in  the  years  when  helicopter 
census  replaced  fixed-wing-aircraft  census;  auid  (c)  less  variability 
in  the  helicopter  counts. 

The  "Soil-Vegetation  Inventory  Method"  is  commonly  used  in 
contemporary  range-survey  work  and  for  a number  of  other  purposes , 
including  compliance  with  the  wild  horse  and  burro  mandates  of  recent 
legislation.  The  Committee  reviewed  10  BLM  and  joint  BLM/USFS  wild 
horse  capture  plans  with  their  accompanying  environmental  analysis 
reports  (EARs) . Eight  reductions  were  proposed  because  of  problems 
perceived  in  range  conditions.  However,  few  provided  much  information 
on  range  condition  and  the  techniques  used  to  determine  it,  or  on 
which  herbivores  (horses,  cattle,  wildlife)  caused  the  problem.  The 
most  recent  EAR  provided  detailed  supporting  data.  The  Committee 
concluded  that,  while  range  studies  have  not  always  been  properly  used 
to  support  adjustments  in  numbers  of  wild  equids,  the  technology 
exists  and  appears  adequate. 

Fecal  analysis,  the  most  widely  used  technique  for  analyzing 
diets,  is  currently  subject  to  question  in  ungulate  studies.  Not  only 
do  some  consumed  plant  species  fail  to  appear  in  feces,  but  the 
proportions  of  food  items  consumed  and  those  showing  up  in  fecal 
remains  differ.  The  equid  digestive  tract  may  be  less  subject  to 
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these  problems,  a possibility  that  is  Supported  by  studies  on  zebra 
diets.  However,  conclusions  based  on  equid  fecal  analysis  should  be 
drawn  with  caution  until  the  method  has  undergone  further  study, 
preferably  with  the  use  of  fistulation. 

A more  intractable  problem  is  that  of  the  time  lag  between 
consumption  of  forage  and  fecal  deposition  in  highly  mobile  species 
such  as  equids.  Defecation  may  not  occur  until  37  hours  after 
ingestion,  making  it  difficult  to  relate  diets  to  the  vegetation  and 
habitat  from  which  they  were  taken.  Statistical  problems  and  lack  of 
microhistological  reference  material  may  pose  other  difficulties. 

The  in-vitro  techniques  widely  used  for  studying  ruminant 
nutrition  should  not  be  relied  upon  until  they  have  been  proven  for 
equids.  In-vivo  comparisons,  the  use  of  indicators,  and  regression 
procedures  should  all  be  tried. 

Assays  of  a number  of  chemical  constituents  in  the  blood  may  have 
potential  for  (a)  evaluating  nutritional  condition  of  individual 
animals,  and  (b)  using  an  emimal's  condition  to  indicate  the 
nutritional  adequacy  of  the  range  it  occupies.  Blood,  samples  could  be 
taken  easily  from  horses  and  burros  brought  in  from  herd  roundups,  and 
from  animals  used  in  the  research  projects. 

A number  of  the  research  projects  outlined  in  this  report  can  use 
confined  animals,  domestic  ones,  or  both.  Questions  will  arise  as  to 
the  degree  to  which  the  results  from  the  two  categories  can  be 
extrapolated  to  wild  and  free-roaming  animals.  Observations  of  the 
behavior  of  the  two  former  groups  and  of  wild  and  free— roaming  animals 
can  be  used  to  assess  the  comparability  of  results  and  to  facilitate 
extrapolation  from  one  group  to  another. 

A set  of  observations  of  behavior  is  set  forth  to  assist  in  cross 
comparisons.  The  set  includes  considerations  in  selecting  the  animals 
to  be  observed,  statistical  aspects,  behaviors  to  be  recorded,  and 
schedules  of  observation.  In  addition,  recommendations  are  set  forth 
for  observations  of  behavior  to  be  made  within  the  specific  research 
projects  outlined  in  this  report,  including  an  extensive  repertoire  of 
social  and  maintenance  behavior.  The  rationale  for  each 
recommendation  is  included. 

If  fertility  control  is  deemed  a desirable  method  for  limiting 
population,  a range  of  contraceptive  agents  is  available  that  could  be 
implanted  and  might  be  effective  for  up  to  5 years.  Considerations  of 
population  and  behavior  point  to  attempts  at  reducing  fertility  in 
mares  rather  than  stallions.  The  technique  needs  to  be  researched, 
however,  initietlly  in  captive  animals. 

Chemical  immobilization  is  not  deemed  an  efficient  primary  capture 
technique  for  wild  horses,  but  it  can  be  used  to  quiet  captured 
animals  for  purposes  of  research  and  handling.  The  preferred  drug  for 
this  use  is  etorphine  (also  known  as  M99  or  Immobilon) . 

Two  methodological  research  projects  are  recommended: 

• Project  17:  Census  Methods 

• Project  18:  Contraception  Studies 
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Project  17  should  investigate  the  validity  of  two  or  three 
alternative  census  techniques,  including  "complete"  counts.  The 
project  should  begin  with  a pilot  effort  on  horses,  later  extended  to 
burros.  Project  18  should  evaluate  contraceptive  methods. 
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CHAPTER  1 


INTRODDCTION 


THE  COMMITTEE'S  CHARGE 

This  report  is  submitted  in  partial  compliance  with  the  Public 
Rangelands  Improvement  Act  of  1978  (PL  95-514),  which  directs  in 
Section  14  (b)  (3)  that: 

Por  the  purpose  of  furthering  knowledge  of  wild  horse  and  burro 
population  dynamics  and  their  interrelationship  with  wildlife, 
forage  and  water  resources,  and  assisting  him  in  making  his 
determination  as  to  what  constitutes  excess  animals,  the  Secretary 
shall  contract  for  a research  study  of  such  animals  with  such 
individuals  independent  of  Federal  and  State  government  as  may  be 
recommended  by  the  National  Academy  of  Sciences.  The  terms  and 
outlines  of  such  research  study  shall  be  determined  by  a research 
design  panel  to  be  appointed  by  the  President  of  the  National 
Academy  of  Sciences. 

The  first  step  in  carrying  out  these  provisions  was  the  creation 
of  a contract  in  May  1979  between  the  Bureau  of  Land  Management  (BLM) 
and  the  National  Academy  of  Sciences  (NAS) . The  contract  charged  the 
Academy  with  the  responsibility  to  develop  a research  program  that 
would : 

A.  Develop  data  on  the  biology  of  wild  horses  and  burros, 
including  the  population  dynamics  of  wild  horse  and  burro 
herds ; 

B.  Identify  principles  and  procedures  for  managing  populations 
of  wild  horses  and  burros  in  accordance  with  the  policies  and 
objectives  of  this  Act; 

C.  Develop  information  concerning  the  availability  and  use  of 
forage  and  water  resources,  dietary  and  habitat  overlaps,  and 
other  factors  relevant  to  the  determination  of  the  number  of 
wild  freeroaming  horses  and  burros  that  a herd  area  can 
sustain;  and 
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D. 


Provide  the  Secretaries  of  Interior  and  Agriculture  wit 
scientific  information  upon  which  to  make  the  determination 
as  to  excess  animals  required  by  this  Act. 


Both  the  Act  and  the  contract  direct  NAS  to  impanel  a committee  to 
assess  the  state  of  knowledge  relevant  to  the  management  of  wild  and 
free-roaming  horses  and  burros,  to  design  a research  program  that  will 
provide  information  now  lacking  but  essential  to  guide  sound 
management,  to  review  and  oversee  the  2-year  research  sound^ 

to  prepare  a final  report  summarizing  knowledge  relevant  to  a 
management  program  for  wild  and  free-roaming  horses  and  ^e 

NAS  Committee  on  Wild  and  Free-roaming  Horses  and  Burros  (WPRHB) 

impaneled  in  June  1979 . t.  • • i 

Phase  I of  the  total  undertaking  involved  the  initial 

state-of-knowledge  assessment  and  research  design.  The 
document  is  the  final  report  for  Phase  I.  The  3 tate-of -knowledge 
assessment  is  a compilation  of  information  in  four  general 
categories:  (1)  equid  biology,  (2)  the  effects  of 

ecosystem  components,  (3)  socioeconomic  aspects  of  tiie  subject,  and 
(4)  research  and  management  methodology.  The  research  program 
consists  of  18  projects  designed  to  enhance  knowledge  in  these 
subject  areas.  While  the  report  discusses  information  in  terms  o 1 
relevance  and  adequacy  with  regard  to  various  policy  questions,  the 
Committee  has  taken  an  analytical  approach  without  advocating  policy 
on  any  issues.  PL  95-514  makes  it  clear  that  the  role  of  the 
Committee  and  the  research  it  recommends  is  to  provide  information  to 
help  the  Secretaries  of  Interior  and  Agriculture  arrive  at  managemen 

decisions.  • 

The  Committee  is  now  moving  into  Phase  II  by  offering  its 
services,  as  needed,  to  the  BLM  and  the  Forest  Service  (USFS)  in  the 
contracting  procedures  needed  to  bring  the  research  progrM  into 
operation.  Once  contracts  are  let  and  the  research  is  under  way,  the 
Committee  will  assume  its  advisory  responsibility  on  the  research. 


SUBDIVISION  AND  TIMING  OF  THE  TASK 

The  BLM/NAS  contract  specifies  the  areas  of  knowledge  considered 
important  to  the  development  of  a sound  horse-and-burro  management 
i?^ram.  Consideration  of  these  areas  was  also  vital  in  preparing  the 
state-of-knowledge  assessment  and  the  research  design.  The  contrac 
identifies  them  as  follows: 


a . 


b. 


Inventory — population  estimates,  techniques,  indexes. 

Wild  horse  and  burro  population  dynamics — herd  size,  sex  and 
age  classes,  reproduction  rates,  survival  mortality  for 
adults  and  foals,  natural  controls,  and  other  population 
controls . 

Forage  requirements — comparisons  to  wildlife  and  livestock. 


c. 
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d.  Impact  of  wild  horses  and  burros  on  the  public 

rangelands — interrelationships  of  wild  horses  and  burros  with 
other  resource  uses  and  activities,  habitat,  fish,  wildlife, 
recreation,  water  and  soil  conservation,  and  domestic 
livestock  grazing. 

e.  Socio-economic  relationships  of  population  control  and 
management . 

At  its  first  meeting  in  Salt  Lake  City  on  June  28-29,  1979,  the 
Committee  outlined  subtopics  encompassed  by  the  four  subject  areas 
described  in  the  previous  section.  The  subtopics  fell  into  three 
general  categories: 

1.  Biology  of  horses  and  burros,  with  primary  attention  to 
demography,  behavior,  genetics,  nutrition,  and  physiology,  and  to 
environmental  influences,  both  physical  and  biotic,  that  affect  these 
equids . 

2.  Effects  of  horses  and  burros  on  various  components  of  the 
ecosystems  of  which  they  are  a part,  especially  vegetation,  domestic 
animals,  wildlife,  and  watersheds. 

3.  Legal,  economic,  and  sociopolitical  issues  surrounding  horse 
and  burro  management. 

These  three  categories  were  assigned  as  the  purview  of  the  three 
following  subcommittees,  respectively:  Subcommittee  1:  Walter  Conley 

(Chairman) , Francisco  Ayala,  Lee  Eberhardt,  Patricia  Moehlman,  and 
Ulysses  Seal;  Subcommittee  2:  John  Malechek  (Chairman),  John  Arts, 

Wilbert  Blackburn,  Gerald  Gifford,  J.W.  Swan,  and  Frederic  H.  Wagner 
(Gifford  served  on  the  Committee  from  September  to  December  1979,  and 
when  he  resigned,  Blackburn  took  his  place);  Subcommittee  3:  Walter 

Johnston  (Chairman) , Gail  Achterman,  Sally  Fairfax  (NAS  Board  on 
Agriculture  and  Renewable  Resources  Liaison  to  the  Committee) , and 
Stephen  Kellert. 

Each  subcommittee  then  set  about  the  task  of  gathering 
state-of-knowledge  information  from  a variety  of  sources  and  designing 
the  needed  research. 

The  entire  Committee  met  five  times: 

June  28-29,  1979  at  Salt  Lake  City,  Utah 

July  6-7,  1979  (including  a 1-day  public  hearing)  at  Reno,  Nevada 

September  6-8,  1979  (including  attendance  at  A Symposium;  The 

Ecology  emd  Behavior  of  Feral  Equids,  conducted  at  Laramie, 
Wyoming ) 

October  27-28,  1979  at  Las  Cruces,  New  Mexico 

January  26-27,  1980  at  Davis,  California 
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In  addition,  several  subconmittee  or  partial  subcommittee  meetings 
were  held  at  various  sites.  On  December  6,  1979,  the  Committee 
Chairman  and  representatives  of  Subcommittees  1 and  2 met  with  BLM  and 
USFS  officials  in  Logan,  Utah  to  begin  developing  requests  for 
proposals  (RFPs)  on  census  research  and  on  projects  to  study  equid 
habitat  selection,  food  preferences  and  consumption  rates,  vegetation 
and  watershed  impacts,  and  blood  assays  as  nutritional  indices.  On 
April  7,  the  Chairman  and  two  other  Committee  members  met  with  BLM  and 
USFS  officials  in  Denver  to  review  proposals  generated  by  the  RFPs. 

The  Phase  I tasks  were  to  be  completed  by  October  31,  1979.  In 
July,  the  Committee  requested  an  extension  of  the  due  date  specified 
in  the  contract.  It  proposed  to  submit  an  interim  state-of-knowledge 
assessment  on  October  31  along  with  the  design  of  that  portion  of  the 
research  that  must  span  two  horse-breeding  seasons,  and  a completed 
Phase  I report  on  December  31,  1979.  NAS  granted  the  extension.  The 
interim  report  was  duly  submitted  and  has  been  reproduced  and 
distributed  by  NAS. 

By  December  1979,  it  was  clear  that  still  more  time  was  needed  to 
prepare  the  final  report,  and  another  extension  was  requested  and 
granted.  As  noted  above,  this  report  is  the  culmination  of  Phase  I. 


STRUCTURE  AND  BASIS  OP  THE  REPORT 

The  report  consists  of  four  major  chapters  and  three  appendixes. 
Following  this  introductory  discussion.  Chapters  2,  3,  and  4 describe 
essentially  the  subject  matter  of  the  three  subcommittees.  Chapter  5, 
on  research  and  management  methodology,  is  a joint  effort  of 
Subcommittees  1 and  2.  Appendix  A is  a lengthy  review  of  equine  cecal 
digestion;  Appendixes  B and  C are  annotated  bibliographies  on  grazing 
hydrology  and  economic  and  sociopolitical  issues,  respectively. 

Each  of  the  four  major  chapters  is  divided  into  two  parts.  The 
fitst.  is  a state-of-knowledge  assessment.  The  second  is  a description 
of  research  projects  that  are  needed  both  to  fill  gaps  in  knowledge 
revealed  by  the  state-of-knowledge  assessment  and  to  provide  a data 
base  for  a sound  management  program.  The  state-of-knowledge 
assessment  surveyed  the  published  literature  thoroughly.  Mimeographed 
material,  intradepartmental  and  other  unpublished  reports,  as  well  as 
theses  and  dissertations  were  reviewed,  but  less  completely.  The 
great  store  of  unanalyzed,  unpublished  data  in  the  files  of  agencies, 
organizations,  and  individual  observers  was  consulted  to  some  degree, 
but  the  Committee  thus  far  has  not  had  enough  time  to  make  thorough  or 
far-reaching  analyses  and  interpretations  of  them.  Still  another 
considerable  store  of  knowledge  lies  in  the  unrecorded  experience  of 
hundreds  of  range  managers,  wildlife  ecologists,  and  lay  devotees  of 
horses  and  burros.  This  source  has  hardly  been  tapped  by  the 
Committee,  again  because  of  time  limitations. 

It  is  the  scientist's  responsibility  to  gather  and  weigh  evidence, 
regardless  of  its  source,  and  to  asses  both  its  quality  and  the  manner 
in  which  it  was  procured.  The  current  review  could  not  avoid  a heavy 
concentration  on  the  published  literature  and  a less  thorough 
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treatment  of  raw  data  and  information  based  on  experience.  Published 
literature  tends  to  lag  behind  the  accumulated  store  of  knowledge,  and 
heavy  reliance  upon  publications  may  produce  inadequate  or  biased 
understanding.  The  state  of  the  art  will  not  be  fully  assessed  until 
the  Committee  has  an  opportunity  to  go  afield  with  range  managers, 
wildlife  biologists,  and  amateur  horse  and  burro  observers.  The 
members  began  to  do  this  in  the  summer  of  1980,  but  until  that  work  is 
completed,  .the  Committee  must  continue  to  rely  heavily  on  the 
published  literature. 

The  18  recommended  research  projects  are  listed  below  in  an  order 
that  deviates  somewhat  from  that  in  the  interim  report. 

1.  Habitat  Preference  and  Use  by  Co-occurring  and  Separately 
Occurring  Feral  Equids  and  Cattle 

2.  Food  Consumption  Rates  and  Nutrition  of  Vfild  and  Free-Roaming 
Horses  and  Burros  and  Their  Associated  Species 

3.  Nutritional  Plane,  Condition  Measures,  and  Reproductive 
Performance  in  Domestic  Mares 

4.  Blood  Assay  of  Experimental  Equids  and  Livestock  in  Projects 
1,  2,  3,  5,  and  3 

5.  Demography  of  Wild  Horses  and  Burros 

6.  Social  Structure,  Feeding  Ecology,  and  Population  Dynamics  of 
Wild  and  Free-Roeiming  Horses  and  Burros 

7 . Genetic  Polymorphism 

8.  Grazing  Impacts  of  Equids  and  Cattle  on  Range-Plant 
Communities 

9.  Hydrologic  Impacts 

10.  Riparian- Zone  Impacts 

11.  Public  Attitudes 

12.  Analysis  and  Evaluation  of  Demands  for  Excess  WFRHB 

13.  Management  Costs  of  WFRHB  Alternatives 

14.  Economic  Considerations  for  Management  Alternatives  Drawn 
from  Proposed  Research  Programs 

15.  Nonmarket  Values  for  WFRHB 

16 . Conceptual  Development  of  Public  Rangeland  Management  Models 


18 


17.  Census  Methods  for  Wild  Horses  and  Burros 
13.  Contraception  Studies 

The  projects  are  discussed  more  fully  in  the  following  chapters  of 
this  report. 
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CHAPTER  2 


BIOLOGY  OF  HORSES  AND  BURROS 


INFORMATION  NEEDS 

The  passages  quoted  from  PL  95-514  and  the  BLM/NAS  contract  in 
Chapter  1 itemize  in  some  detail  the  categories  of  desired  information 
on  horse  and  burro  biology:  population  dynamics,  food  and  habitat 

requirements,  use  of  forage  and  water  resources,  and  population 
controls.  PL  95-514  states  further,  in  Section  14  (b)(1),  that; 

The  Secretary  shall  maintain  a current  inventory  of  wild 
free-roaming  horses  and  burros  on  given  areas  of  the  public 
lands.  The  purpose  of  such  inventory  shall  be  to:  make 

determinations  as  to  whether  and  where  an  overpopulation  exists 
and  whether  action  should  be  taken  to  remove  excess  animals; 
determine  appropriate  management  levels  of  wild  free-roaming 
horses  and  burros  on  these  areas  of  the  public  lands;  and 
determine  whether  appropriate  management  levels  should  be  achieved 
by  the  removal  or  destruction  of  excess  animals,  or  other  options 
(such  as  sterilization,  or  natural  controls  on  population 
levels)....  Where  the  Secretary  determines  ...  that  an 
overpopulation  exists  on  a given  area  of  the  public  lands,  and 
that  action  is  necessary  to  remove  excess  animals,  he  shall 
immediately  remove  excess  animals  from  the  range  so  as  to  achieve 
appropriate  management  levels  .... 

This  heavy  emphasis  on  the  definition  of  "excess"  animals,  and  the 
fact  that  the  Committee  was  invested  with  the  responsibility  for 
helping  the  Secretaries  of  Interior  and  Agriculture  make  that 
determination,  necessitate  a clarification  of  the  term  "excess,"  and 
of  its  implications  for  informational  needs. 

The  term  has  at  least  three  connotations;  "excess"  can  have  the 
sense  that  (1)  the  number  of  animals  is  detrimental  to  their  own 
condition  and  welfare,  (2)  the  number  of  equids  adversely  affects  the 
condition  and  welfare  of  the  other  components  of  their  ecosystems,  and 
(3)  the  number  of  equids  interferes  with  other  management  objectives 
for  the  public  rangelands.  The  latter  two  connotations  will  be 
considered  in  Chapters  3 and  4;  the  first  is  addressed  in  this  section. 

An  excess  of  amimals  threatening  to  their  own  welfare  will  occur 
when  a population  has  risen  to  densities  at  which  its  members ' 
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behavior/  demography/  and  state  of  health  fall  below  some  specified 
levels  or  standards.  Establishment  of  such  standards/  and  hence  the 
determination  of  "excess/"  requires  knowledge  of  the  animals'  social- 
and  maintenance-behavior  repertoire/  their  demographic 
characteristics/  and  facts  about  their  nutrition  and  other  health 
conditions.  It  must  be  determined  how  these  vary  with  population 
size/  adequacy  of  forage,  weather  conditions,  competitors,  and  other 
environmental  variables.  Physiology,  as  well  as  food  preferences  and 
consumption,  must  also  be  understood.  The  sections  that  follow 
explore  what  is  known  about  these  subjects. 


STATE  OP  KNOWLEDGE 
Information  Sources 

Committee  members  conducted  preliminary  literature  searches  by 
examining  published  research  reports,  unpublished  theses,  impact 
statements,  and  the  popular  literature.  Bibliographies  in  these 
documents  were  then  traced  and  cross-referenced.  The  information 
available  on  the  biology  of  wild  equids  was  found  to  be  incomplete  and 
superficial  in  some  subject  areas,  irrelevant  to  the  Committee's 
purpose  in  some  aspects,  and  quite  complete  in  others. 

Wildlife  Review  (from  1936  to  the  present) , the  Denver  Library  (in 
cooperation  with  the  U.S.  Fish  and  Wildlife  Service) , and  BIOSIS 
(Biological  Abstracts)  were  also  consulted.  BIOSIS  alone  produced 
over  15,000  citations  and  associated  codes  (1969  to  1979)  that  were 
flagged  on  the  single  keyword  "Equidae."  These  citations  were 
obtained  and  screened.  (Broad  subject  categories  were  created  and  all 
citations  were  placed  in  appropriate  sections.  These  files  are 
available  at  New  Mexico  State  CJniversity. ) Other  computer-based 
reference  sources  that  were  searched  included  Medline  (Index  Medicus) 
and  Dialog  (through  the  Lockheed  system) . Science  Citation  Index  and 
the  bibliographies  of  individual  articles  were  also  consulted. 

Since  BLM  and  DSPS  files  contain  considerable  amounts  of  field 
data,  representative  Scunples  were  sought  by  attempting  to  identify 
management  units  that;  (a)  had  a history  of  intense  horse  auid/or  burro 
activity,  and  (b)  contained  information  concerning  economic  and  social 
considerations.  Other  factors  applied  to  the  selection  of  units 
included  the  existence  of  regional  collection  corrals,  intense  public 
interest,  general  completeness  of  available  records,  duration  of 
available  records,  history  of  research  programs,  adequacy  of  land-use 
plans,  etc. 

MeUiagement  units  thus  identified  were  visited,  appropriate 
personnel  were  interviewed,  and  available  records  were  copied  and 
centralized  for  cataloging  and  evaluation.  These  units  included; 
Phoenix,  Arizona  (BLM);  Palomino,  Nevada  (BLM);  Susanville,  California 
(BLM);  Vale,  Oregon  (BLM);  Lakeview,  Oregon  (BLM);  Burns,  Oregon 
(BLM);  Salt  Lake  City,  Utah  (BLM);  Pryor  Mountains , Montana  (BLM); 

Rock  Springs,  Wyoming  (BLM);  Modoc,  California  (USFS)  ; a.nd  Jicarilla, 
New  Mexico  (USFS) . Interviews  were  conducted  during  late  August  and 
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early  September  1979.  Because  Committee  member  Walter  Conley 
conducted  a 2-year  research  project  from  1976  to  1978  at  Jicarilla  and 
the  records  were  already  complete,  no  interviews  were  required  there. 
In  addition,  the  entire  records  file  of  the  BLM  (previously  located  at 
the  Denver  Center)  was  obtained,  reviewed,  copied  where  pertinent,  and 
returned.  Data  from  this  review  are  filed  at  New  Mexico  State 
University. 

Personal  contacts  were  made  with  three  recognized  authorities  in 
the  field  of  equine  nutrition:  Drs.  P.  V.  Ponnesbeck  and  L.  M.  Slade 

of  Utah  State  University  and  Dr.  H.  F.  Hints  of  Cornell  University. 
They  were  asked  for  ideas  and  sources  of  information.  Mr.  Montague 
Demment,  University  of  Wisconsin  Zoology  Department,  prepared  the 
detailed  review  included  as  Appendix  A. 


History  and  Paleontology  of  Equids  in  North  America 

The  horse  (Equus  caballus ) and  the  African  ass  (E.  asinus)  were 
introduced  to  North  America  by  the  Spanish  in  1495  during  Columbus' 
second  expedition  to  the  New  World  (Denhardt  1951,  Brookshire  1974). 
Horses  and  asses  were  an  integral  part  of  Spanish  exploration  and 
colonization  and  feral  populations  took  hold  throughout  the  Southwest 
in  the  16th  and  17th  centuries.  Native  Americans  incorporated  equids 
into  their  cultures  and  horse  and  ass  populations — both  wild  and 
domesticated — spread  rapidly  throughout  the  western  states.  Feral 
populations  increased  when  animals  escaped  and  were  released  from 
ranching  and  mining  activities  in  the  19th  and  20th  centuries.  Thus 
horses  and  asses  have  a long  history  in  North  America  and  may  have 
been  feral  in  the  western  United  States  since  the  1600s  (McKnight 
1957,  1958) . 

The  mainstream  of  equid  evolution  occurred  in  North  America;  only 
a few  types  wandered  into  the  Old  World  in  the  Tertiary  (Romer  1966)  . 
Native  equids  were  present  from  the  lower  Eocene,  55  million  years  ago 
(Colbert  1969),  and  remained  abundant  until  11,000  years  ago.  Late 
Pleistocene  mammal  sites  in  Arizona  (Lindsay  and  Tessman  1974)  reveal 
that  Equus  was  second  in  abundance  only  to  Mammuthus  and  was  twice  as 
abundant  as  Bison. 

The  disappearance  of  equids  11,000  years  ago  coincided  with  the 
extinction  of  three  genera  of  large  mammals,  and  the  immigration  of  a 
new  predator.  Paleolithic  man.  Martin  (1973)  has  formulated  a 
blitzkrieg  model  that  postulates  a spread  of  Paleolithic  hunters  so 
rapid  that  it  resulted  in  the  mass  extinction  of  large  mammals  within 
1,000  years. 

Dating  of  fossil  remains  of  type  Equus  (large) , as  well  as  other 
Equus  species  including  E.  asinus , has  established  their  ages  at 
between  11,000  ± 100  and  13,310  ± 210.  These  remains  came  from 
sites  in  Nevada,  Arizona,  and  California  (Haynes  1967,  Mawby  1967, 
Hammings  1970,  Havry  1975,  Cole  and  others  1979). 

Skinner  (1972)  maintains  that  certain  species  groups  of  Equus  have 
existed  for  3 to  5 million  years.  He  presents  evidence  that  there  is 
a high  degree  of  similarity  between  extinct  Pleistocene  and  living 
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equids.  Skinner  lists  the  type  species  of  the  submenus  Dolichohipous 
as  being  Eguus  grevyi  Oustalet,  1882,  distributed  as  follows: 

"extinct  in  Pleistocene,  North  America;  living,  Ethiopia  and  Northern 
Kenya."  He  describes  the  type  species  of  subgenus  Eguus  (Heminous)  as 
being  Eguus  hemionus  Pallas,  1775,  with  the  following  distribution: 
"Pleistocene,  North  America,  and  living,  Asia."  Pleistocene  deposits 
show  specimens  ranging  from  Texas  to  Alaska,  and  Kansas  to  Arizona. 
Specimens  referred  to  as  Eguus  (Asinus)  cummins ii  Cope  were  found  in 
Pleistocene  deposits  at  Blanco,  Texas  and  Deer  Park,  Kansas.  Equid 
fossil  remains  are  rarely  identified  to  the  species  level.  However 
there  were  ass,  horse,  and  zebra  types  present  in  Pleistocene  North 
America,  and  the  skeletal  morphologies  of  the  fossil  and  the 
reintroduced  equids  are  anatomically  indistinguishable  (Cole  and 
others  1979). 

Thus  although  feral  horses  and  asses  are  considered  alien  or 
'exotic'  today,  they  represent  lineages  that  have  a long  paleohistory 
in  North  America.  This  is  particularly  important  to  the 
interpretation  of  their  role  in  modern  ecosystems.  The  concern  on  the 
part  of  some  people  that  feral  horses  and  asses  are  detrimental  to 
their  habitat  is  partially  based  on  the  assusiption  that  since  they  are 
exotic  they  are  particularly  disruptive  to  vegetational  communities 
with  which  they  have  not  coevolved.  However,  modern-day  equids  in 
North  America  are  not  typical  exotics.  A long  period  of  coevolution 
between  their  evolutionary  predecessors  and  the  vegetation  was  broken 
for  11,000  years,  which  is  a brief  interval  in  geologic  time. 

Whether  or  not  the  vegetation  today  retains  the  same  antiherbivore 
adaptations  it  had  developed  by  the  time  equids  became  extinct  at  the 
end  of  the  Pleistocene  is  a moot  question.  Paleobotanical  evidence 
shows  distributional  changes  in  the  vegetational  zones,  which  were 
depressed  from  600  to  1,000  ra  (Martin  and  Mehringer  1965,  Van  Devender 
and  Spaulding  1979) . But  to  our  knowledge,  no  one  has  produced  any 
evidence  that  native  plant  species  have  lost  adaptations  to  grazing 
and/or  browsing  pressures  (e.g.,  oily  foliage,  spiny  or  thorny 
branches,  siliceous  stems,  or  toxic  alkaloids)  that  are  the  result  of 
selective  pressure  exerted  during  millions  of  years  of  coevolution 
with  equids. 

However,  several  authors  (Young  and  others  1976,  1979)  have 
postulated  that  the  marked  changes  in  vegetation  structure  in  the 
Great  Basin  following  the  19th-century  introduction  of  sheep  and 
cattle  were  due  to  the  lack  of  heavy,  post-Pleistocene  pressure  from 
large  herbivores.  Without  such  pressures  the  vegetation  had  lost 
defenses,  according  to  this  theory,  and  was  vulnerable  to  the 
introduction.  Some  plant  species  are  known  to  be  highly  plastic,  and 
to  respond  to  selective  pressures  in  short  periods  of  time  (Dyer 
1963),  including  grazing  (Stapledon  1928,  Lodge  1962).  If  species 
optimize  traits  over  an  array  of  selective  pressures,  as  modern 
evolutionary  theory  holds,  then  it  is  reasonable  to  postulate  that 
some  species  may  have  evolved  away  from  antiherbivore  defenses  in  the 
absence  of  grazing  pressures. 

Of  course,  there  is  no  way  to  determine  differences  and/or 
similarities  in  behavioral  ecology  between  the  equids  present  in  North 
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America  11,000  years  ago  and  the  recently  introduced  species. 

However,  it  is  an  oversimplification  simply  to  dismiss  feral  asses  and 
horses  as  "exotics."  The  possibility  of  their  filling  an  "open  niche" 
remains  (Martin  1970). 


Behavioral  Ecology  of  Equids 

Genus  Bquus  contains  six  living  species.  They  are  Equus  caballus 
(horse),  E.  burchelli  (plains  zebra),  E.  zebra  (Hartman's  or  mountain 
zebra),  E.  asinus  (African  ass),  E.  hemionus  (Asian  ass),  and  E. 

■grevyi  (Grevy's  zebra).  The  genus  is  characterized  by  two  distinct 
types  of  social  organization.  The  harem  or  stable  family  group  with  a 
dominant  male  has  been  described  for  the  plains  zebra  (Klingel  1967, 
1972),  Hartman's  zebra  (Lingel  1968;  Joubert  1972a,  b) , and  the  feral 
horse  (Feist  euid  McCullough  1975,  1976;  Green  and  Green  1977).  The 
territorial  form  of  social  organization,  in  which  stable  bonds  occur 
only  between  mother  and  offspring,  has  been  described  for  Grevy's 
zebra  (Klingel  1969),  the  Asian  ass  (Klingel  1977),  the  African  ass 
(Klingel  1972,  1977) , and  the  feral  ass  (E.  asinus)  in  North  America 
(Moehlman  1974,  1979;  Woodward  1976,  1979).  These  two  types  of  social 
organization  appear  to  be  the  extremes  of  a continuum  that  ranges  from 
a system  in  which  territoriality  plays  an  important  role  and  social 
bonding  is  limited,  to  the  more  socially  organized  and  cohesive  family 
groups . 

The  interrelationship  of  social  organization  and  environmental 
parameters  has  been  the  focus  of  review  and  interpretation  by  Crook 
(1970),  Jarman  (1974),  Kaufman  (1974),  Klingel  (1974),  and  Pisler 
(1979) . Many  factors  appear  to  be  important  in  the  establishment 
and/or  reinforcement  of  a social  system.  In  particular,  resource 
availability,  feeding  ecology,  daily  activity  patterns,  and  demography 
are  critical  in  determining  social  behavior,  social  bonding,  and  the 
type  of  social  organization  maintained.  Most  reviews  of  social 
organization  and  ecology  have  been  on  the  interspecies  level. 

However,  an  exeunination  of  available  data  on  feral  equids  does  reveal 
intraspecific  behavioral  plasticity. 


Feral  Asses 

Since  the  early  1970s,  field  studies  have  been  done  on  several 
feral  ass  populations  in  the  southwestern  United  States.  Table  2.1 
lists  the  study  populations,  researchers,  and  some  pertinent  facts 
from  each  study. 

The  basic  pattern  of  social  organization  and  demography  was  the 
same  in  all  southwestern  study  sites.  The  only  stable  unit  was  mother 
and  offspring.  Some  typical  temporary  groups  were  females  and 
offspring,  bachelor  males,  and  mixed  groups.  Adult  males  were  often 
solitary.  Statistical  treatment  of  group  size  and  composition  is  only 
available  for  two  studies  (Moehlman  1974,  Woodward  1979a).  There  was 
evidence  of  territoriality  by  a small  percentage  of  the  males  on  all 
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study  sites,  but  only  the  Wildrose  population  in  Death  Valley  (1970  to 
1974)  and  the  Bandelier  population  exhibited  strongly  expressed 
territoriality.  There  appears  to  be  some  confusion  in  Woodward's 
(1979a)  discussion  of  territoriality.  Territorial  behavior  in  both 
Grevy's  zebra  and  the  African  ass  (Moehlman  1974,  Klingel  1979)  does 
not  involve  boundary  marking  and  defense  against  all  conspecif ics , but 
rather  the  domination  of  a particular  area  by  a single  male  who  has 
sole  access  to  estrous  females  within  that  territory. 

Short-term  observations  (1  month)  were  made  on  a population  of 
feral  asses  in  a very  different  habitat;  Ossabaw  island,  Georgia 
(Moehlman  1979) . This  island  is  characterized  by  lush  vegetation  and 
a warm,  humid  climate.  There  were  approximately  40  feral  asses  on  the 
island,  with  a density  greater  than  1/km*.  Although  the  Ossabaw 
observations  were  limited,  they  do  illustrate  the  plasticity  possible 
in  the  social  behavior  and  organization  of  feral  asses.  Contrary  to 
the  situation  in  Death  Valley,  stable  groups  existed.  At  the  south 
end  of  the  island  there  was  a stable  group  that  exhibited  all  the 
characteristics  of  a harem.  A group  of  13  asses  at  the  north  end  of 
the  island  were  associated  in  63.6  percent  of  the  observations.  In 
this  group  the  dominant  male  did  all  the  courting  and  copulating. 

These  observations  have  since  been  substantiated  by  McCort  (1979) . 

Feral  asses  have  potentially  large  home  ranges  over  which  they 
move  in  a seasonal  pattern.  Recorded  individual  home  ranges,  which 
probably  reflect  a minimum,  range  in  mean  size  per  population  from 
2.86  to  60.1  km*.  The  largest  home  range  observed  was  103.6  km* 
in  Death  Valley  National  Monument.  Except  for  the  stable  group  of 
mother -offspring  (X  = 2)  all  groups  are  temporary  and  their 
composition  can  be  as  follows;  (a)  all  male,  (b)  two  or  more  females 
and  offspring,  (c)  mixed  adult  males  and  females  and  subadults,  and 
(d)  yearlings.  Males  are  often  solitary,  and  in  the  Death  Valley 
study  (Moehlman  1974,  1979)  23.9  percent  of  the  observations  (N  = 
1,158)  on  population  grouping  patterns  involved  solitary  males.  The 
general  trend  was  toward  small  groups,  and  57.3  percent  of  the  groups 
contained  2 to  4 individuals.  Large  aggregations  (8  to  21)  occurred 
rarely  (3.3  percent)  and  were  associated  with  scarce  resources  such  as 
water  and/or  estrous  females.  The  Chemehuevi  population  followed  this 
general  pattern  (Woodward  1976,  1979a) . Data  for  group  sizes  are  not 
available  from  the  other  studies. 

Information  on  spacing  between  individuals  is  available  from  Death 
Valley  (Moehlman  1974).  Data  taken  at  5-minute  intervals  (N  « 2,915) 
revealed  that  adults  (male  and/or  female)  spent  most  of  their  time 
separated  by  distances  greater  than  10  m.  Individuals  that  spent  most 
of  their  time  within  4 m of  one  another  were  usually  genetically 
related.  However,  adult  females  allowed  the  yearling  offspring  of 
other  females  to  come  closer  to  them  than  they  would  permit  their  own 
yearlings.  Thus,  an  observer  lacking  knowledge  of  individual 
relatedness  could  easily  misinterpret  how  many  offspring  a female  had 
and  how  often  she  was  reproducing.  This  presents  obvious  problems  in 
present  census  techniques.  Distances  between  males  and  females 
decreased  only  when  the  female  was  in  estrus. 
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During  the  hot  summer  months  asses  tend  to  drink  once  every  24 
hours  and  water  is  a critical  factor  in  their  distribution.  In  most 
study  areas,  asses  were  concentrated  within  3 km  of  water  sources 
during  the  summer  months.  From  September  through  the  winter  months, 
they  were  less  dependent  on  water  and  were  found  3.0  to  9.6  km  away 
from  it.  Animals  also  moved  to  lower  elevations  during  the  winter 
months . 

Asses  are  physiologically  well  adapted  to  life  in  an  arid 
habitat.  They  can  sustain  a water  loss  of  up  to  30  percent  body 
weight  and  can  drink  enough  water  in  2 to  5 minutes  to  restore  fluid 
loss  (Maloiy  1970,  Maloiy  and  Boarer  1971).  A recent  study 
(Tomkiewicz  1979)  on  heterothermy  and  water  turnover  using 
temperature-sensitive  implants  revealed  that  body  temperature  could 

from  34.0  to  41.6“C  and  was  dependent  on  air  temperature.  In  the 

summer  males  had  a lower  mean  body  temperature  (36.5*C)  than  females 
(38.2»C) . 

Mother  asses  in  Death  Valley  (Moehlman  1974)  showed  a high  threat 
and  rejection  rate  when  foals  attempted  to  nurse,  presumably  because 
of  fluid  stress.  Nursing  rejections  began  on  the  first  day  and 
increased  in  intensity  as  the  foal  grew  older.  Rarely  did  a foal 
attempt  to  nurse  without  being  threatened  by  its  mother.  Until  the 
foal  was  a month  old  its  nursing  success,  calculated  by  observing  each 
attempt,  was  32  percent.  By  the  time  it  was  3 to  4 months  old  the 
success  rate  had  diminished  to  35  percent.  This  rejection  is  similar 
to  weaning  behavior  in  other  equids;  it  differs  mainly  in  that  it 
commenced  when  the  foal  was  so  young . 

Lactating  females  are  under  more  severe  fluid  stress  than  other 
adults  in  the  population.  These  animals  watered  more  frequently 
during  the  hot  months  (2  to  3 times  per  day,  in  comparison  with  once  a 
day  for  other  adults).  Foals  ate  vegetation,  but  they  did  not  drink 
water  until  they  were  about  3 months  old;  the  mother  provided  her  foal 
with  most  of  its  fluid  intake  during  that  period.  Nursing  provides 

safeguards  for  the  foal,  since  it  does  not  have  to  compete  for 
water  at  the  springs.  However,  it  may  increase  the  fluid  stress  on 
the  female  in  what  is  already  an  arid  and  difficult  environment. 

Thus,  the  female  may  need  to  regulate  the  interval  of  nursing  so  as  to 
moderate  fluid  stress.  This  physiologically  based  behavior  might  in 
turn  stimulate  independent  and  aggressive  behavior  on  the  part  of  the 
foals,  and  the  entire  mechanism  may  contribute  to  the  lack  of  bonding 
between  adults  in  this  population.  Two-day-old  foals  were  already 
threatening  conspecif ics , particularly  when  they  saw  their  mothers 
being  approached  by  others. 

In  all  populations  studied  in  the  Southwest,  asses  tended  to 
congregate  near  scarce  water  sources  during  the  hot  months  (June 
through  August) . Such  a high  density  during  one  portion  of  the  year 
results  in  a more  severe  impact  on  the  vegetation  in  the  immediate 
vicinity  of  the  water  source  (Fisher  and  ot.hers  1973,  Hanley  and  Brady 
1977,  Woodward  and  Ohmart  1975,  Norment  and  Douglas  1977).  This 
phenomenon  will  be  discussed  in  greater  detail  under 
" Range-? Ian t-Coramunity  Impacts"  in  Chapter  3. 
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Hanley  and  Brady  (1977)  studied  precipitation,  soil  texture,  soil 
moisture,  and  browse  utilization  patterns  on  sites  at  increasing 
distances  from  the  water  source.  They  found  that:  "Browse 

utilization  ranged  from  heavy  to  light  with  increasing  distance  from 
the  Colorado  River.  Overgrazing  occurred  near  the  Colorado  River  but 
decreased  to  light  or  moderate  use  at  distances  greater  than  2.5  km 
from  water."  Burro  impact  was  greatest  in  the  secondary  wash 
communities  (Cercidium-Larrea) . Apparently  no  species  were  acting  as 
increasers  or  invaders  under  heavy  burro  utilization  pressure  in  this 
locale.  There  is  no  information  in  this  study  on  burro  densities. 
Hanley  and  Brady  also  point  out  that  assessment  of  impact  is 
complicated  by  the  need  for  data  concerning  the  amount  of  time  and  the 
burro  densities  required  to  modify  the  community  structure. 

The  seune  general  trend  of  heavy  impact  near  water  sources  in  the 
Panamint  Range  was  evident  in  a report  by  Fisher  and  others  (1973)  . 
However,  at  an  exclosure  approximately  2 km  from  the  water  source, 
measurement  of  vegetative  species  density  and  volume  showed  higher 
biomass  outside  than  inside  the  exclosure.  Annual  densities  and 
species  diversity  were  higher  outside  the  exclosure,  but  a bunch 
grass,  Stipa  sp.,  was  more  abundant  inside  the  exclosure.  Secondary 
production  was  higher  in  the  area  used  by  feral  asses. 

Two  studies  in  the  Grand  Canyon  (Carothers  and  coworkers  1976, 

Cole  1979)  analyzed  canopy  cover  of  predominant  species.  However, 
their  results  disagree  and  have  different  implications.  Cole 
suggested  that  the  degree  of  burro  impact  on  vegetation  is  complicated 
and  changes  over  short  distances  on  the  scune  slope  and  substrate. 
Neither  study  indicated  distances  from  water  or  ass  densities. 

O' Farrell  (1978),  studying  feral  asses  in  the  Lake  Mead  National 
Recreation  Area,  also  described  the  general  trend  of  ass  populations 
to  clump  near  water  during  the  hot  summer  months.  Maximum  density 
values  were  X * 0.93  per  km^ , and  the  greatest  effect  on  vegetation 
was  observed  within  a quarter  mile  of  the  water  source. 

All  of  these  studies  provide  interesting  information  on 
modification  of  vegetation  by  asses.  However,  all  of  the  data  were 
generated  by  indirect  methodology.  There  is  a distinct  need  for 
direct-  observations  of  ass  feeding  ecology  and  species  utilization  as 
they  are  related  to  availability,  terrain,  season,  and  climatic 
conditions . 

The  movement  of  ass  populations  is  restricted  in  the  hot  summer 
months  because  water  is  limited.  Their  seasonal  movements  and 
rotational  utilization  of  vegetation  within  their  home  ranges  has  not 
been  excunined  directly.  Carrying-capacity  figures  alone  are 
insufficient  for  assessing  the  relationship  of  ass  populations  to  the 
vegetational  community. 

Information  on  daily  activity  patterns  is  available  from  two 
studies;  one  conducted  at  Death  Valley,  California  and  the  other  at 
Ossabaw  Island,  Georgia  (Moehlman  1974,  1979) . Death  Valley  is 
characterized  by  a hot,  dry  climate  with  low  and  sporadic  rainfall. 

The  vegetation  in  the  study  areas  was  primarily  browse.  Death  Valley 
offered  a relatively  unstable  habitat  in  which  water  sources  were  of 
prime  importance  during  the  summer  months.  The  feral  asses  combined 
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in  small  groups,  had  large  home  ranges,  were  distributed  for  most  of 
the  year  at  a low  density,  and  character ically  exhibited 
territoriality  and  a low  degree  of  sociability.  In  hot  weather  the 
population  tended  to  clump  around  water  sources.  At  these  times 
territorial  males  resided  next  to  the  water  source,  thus  enhancing 
their  chances  of  copulating  with  estrous  females. 

On  hot,  humid  Ossabaw  Island,  vegetation  is  lush  and  water 
supplies  plentiful.  The  population  was  denser,  had  a smaller  home 
range,  and  exhibited  greater  sociability  and  group  cohesion.  One 
group  of  five  interrelated  as  a harem. 

A basic  element  of  the  daily  activity  pattern~percentage  of  time 
spent  feeding — was  cpiite  different  in  the  two  populations.  The  Death 
Valley  asses  were  primarily  browsers  and  spent  51.0  percent  of  their 
time  feeding?  Ossabaw  Island  asses  were  primarily  grazers  and  spent 
38.1  percent  of  their  time  feeding.  Jarman  has  emphasized  the 
importance  of  feeding  ecology  in  the  determination  of  ungulate  social 
organization.  Browsing  species  tend  to  be  less  sociable,  and  grazers 
occupy  the  more  social  end  of  the  continuum  (Jarman  1974). 

Determining  factors  in  this  trend  may  be  the  proportion  of  time 
required  for  feeding  and  the  quality  of  forage. 

The  Ossabaw  Island  population  exhibited  almost  no  aggressive 
behavior.  In  particular,  females  rarely  threatened  their  foals,  whose 
nursing  success  rate  was  much  higher  than  that  of  their  Death  Valley 
counterparts  (88  percent  at  3 to  4 months).  This  lack  of  rejection 
was  probably  directly  related  to  the  fact  that  lactating  females 
experience  little  water  stress  in  the  Georgian  environment. 

Three  categories  of  behavioral  interactions  that  might  affect 
social  bonding  and  grouping  in  the  two  areas  are  greeting,  mutual 
grooming,  and  social  play.  In  Death  Valley,  greeting  behavior 
occurred  mainly  between  adult  males  (60.2  percent)  and  often  (i.e., 
63.3  percent  of  the  time)  involved  aggressive  behavior. 
Female-to-female  greetings  were  rare  (1.7  percent).  Foals  were 
involved  in  34.0  percent  of  the  greetings,  of  which  they  initiated 
15.6  percent.  Greeting  behavior  was  rare  on  Ossabaw  Island,  which  may 
simply  be  another  indication  that  individuals  were  well  known  to  each 
other  and  relationships  were  clearly  established. 

Social  grooming  is  usually  considered  to  be  important  for  group 
cohesion  (Sparks  1967).  In  Death  Valley  the  general  pattern  of  low 
sociability  was  also  reflected  in  the  rarity  of  mutual  grooming  (0.3 
observation  per  hour) . Ossabaw  Island  asses  performed  grooming  much 
more  frequently  (1.5  observations  per  hour).  Furthermore,  three 
categories  of  grooming  partners  were  seen  in  Georgia  that  were  not 
observed  in  Death  Valley,  namely;  male-female,  female-nonoffspring 
foal,  male-foal.  This  behavior  is  consistent  with  the  general  pattern 
of  a cohesive  group,  relatively  close  spacing  of  individuals,  and  a 
low  level  of  agressive  behavior. 

Social  play  is  the  third  behavioral  category  that  may  influence 
social  bonding.  This  type  of  interaction  was  not  observed  between 
foals  in  the  Death  Valley  population.  These  foals  only  exhibited 
solitary  play,  which  consisted  of  such  activities  as  using  the  mouth 
to  pick  up  and  drop  objects,  running  in  spurts,  stopping  quickly  in 
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front  of  adults,  pivoting  and  running  away,  and  biting  and  mounting 
their  mothers.  In  a more  social  equid  population,  i.e..  New  Forest 
ponies  (Tyler  1972) , 3-week-old  foals  were  observed  with  other  foals 
and/or  yearlings,  and  by  the  time  they  were  6 weeks  old,  social  play 
constituted  55  percent  of  their  play.  On  Ossabaw  Island  two  male 
foals  spent  many  hours  engaged  in  social  play,  which  usually  consisted 
of  play— fighting . These  foals  were  the  same  age  and  associated 
regularly. 

There  appears  to  be  an  upper  limit  on  the  size  of  an  equid  group 
in  which  individuals  can  express  and  maintain  stable  relationships  and 
bonds.  The  maximum  size  of  permanent  groups  in  Hartmann's  zebra 
(Joubert  1972  a,b)  is  about  13;  65.2  percent  of  the  groups  have 
between  4 and  7 animals.  Klingel  (1967)  reported  an  average  group 
size  of  4.5  to  7.5  for  this  zebra.  The  average  size  of  a feral  horse 
harem  (Feist  1971)  is  5,  with  a maximum  of  21.  Thus,  when  feral  asses 
did  form  permanent  groups  they  followed  the  pattern  for  Equidae  .• 

Behavioral  and  ecological  information  on  the  two  feral  populations 
of  asses  indicates  that  although  Equus  asinus  normally  displays  low 
sociability,  this  species  does  have  the  behavioral  plasticity,  given  a 
favorable  environment,  to  form  highly  social  and  stable  harem  groups. 


Feral  Horses 

horse  field  studies  have  been  conducted  in  Nevada,  Arizona, 
New  Mexico,  Montana,  and  Wyoming.  Comparative  studies  are  also 
available  from  Canada  and  islands  off  eastern  North  America.  Table 
2.2  lists  field  studies  for  which  information  was  available. 

The  basic  pattern  of  social  organization  is  a family  group 
composed  of  a dominant  male,  subordinate  adult  males,  females,  and 
their  offspring  (Feist  1971,  Pelligrini  1971,  Feist  and  McCullough 

1975,  Hall  and  Kirkpatrick  1975,  Welsh  1975,  Clutton-Brock  and  others 

1976,  Keiper  1976  a,  Berger  1977,  Green  and  Green  1977,  Rubenstein 
1978,  Salter  1978,  Nelson  1979).  Some  family  bands  are  single-male 
harems,  but  several  authors  report  multi-male  groups  (Feist  1971, 
Keiper  1976  a.  Green  and  Green  1977,  Miller  1979,  Nelson  1979). 

Klingel  (1967)  described  a dominant  male  in  a plains  zebra  family 
group  who  actively  searched  for  a 4-year-old  male  member  that  had 
wandered  off.  Joubert  (1972a)  experimented  with  the  effect  of 
removing  the  dominant  male  from  a band.  The  females  appeared  to  be 
very  closely  bonded  and  actively  searched  for  the  missing  male.  They 
rejoined  him  when  he  was  released  a month  later.  The  basic  pattern  of 
strong  bonding  between  females  persists  in  semi-feral  situations  where 
adult  males  are  removed  (Imanishi  1950,  Tyler  1972). 

However,  bands  are  not  completely  stable  and  changes  do  occur. 
Feist  (1971)  found  that  immature  females  accounted  for  most  of  the 
changes  between  bands,  and  that  these  occurred  during  the  breeding 
season.  Klingel 's  (1969b)  study  of  plains  zebras  recorded  that  young 
females  undergoing  estrus  for  the  first  time  had  a different  and  more 
distinctive  standing  posture  than  older  females.  He  felt  that  this 
served  as  a strong  advertisement  of  their  reproductive  status  and 
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increased  the  possibility  of  their  abduction  from  the  family  band. 
Nelson  (1979)  observed  that  61  percent  of  the  females  moved  away  from 
their  primary  band.  Mature  females  accounted  for  78  percent  of  these 
movements . 

When  strange  individuals  attempt  to  join  a band,  not  only  the 
dominant  male,  but  also  subordinant  males  and  females  will  drive  them 
away. 

All-male  (bachelor)  groups  commonly  occur,  but  tend  to  be  unstable 
in  composition.  Adult  males  are  rarely  solitary.  Dominance 
hierarchies  have  been  recorded  in  bachelor  groups  (Feist  1971,  Feist 
and  McCullough  1975)  and  appear  to  be  important  in  determining  which 
males  are  most  likely  to  acquire  females. 

Miller  and  Denniston  (1979)  have  reported  a further  level  of 
social  organization  in  horses.  By  analyzing  122  encounters  among  16 
bands,  they  found  a nearly  linear  interband  dominance  hierarchy  in 
terms  of  access  to  a scarce  resource— water . Berger  (1977)  reported  a 
similar  hierarchy  among  four  bands  in  his  study  in  Grand  Canyon. 

Miller  and  Denniston  propose  the  designation  of  the  term  "herd"  for  a 
structured  social  unit  of  bands  that  recognize  each  other  and  form  a 
dominance  hierarchy. 

Although  horses  have  a typical  social  orgemization  characterized 
by  a lack  of  territorial  behavior,  this  pattern  can  change  under 
unusual  environmental  conditions.  Rubenstein's  (1973)  study  of  the 
Shakleford  Banka  horses  clearly  illustrates  this  point.  Two-thirds  of 
the  harems  maintain  clearly  defined  and  stable  territories.  The 
island  is  narrow  and  visibility  is  good,  so  the  energetic  costs  of 
defending  a territory  are  correspondingly  low.  In  addition,  water  and 
vegetation  zones  are  evenly  distributed  along  the  island.  Territorial 
harems  are  larger  than  those  harems  that  utilize  overlapping  home 
ranges.  Thus  the  structure  of  the  island  and  the  pattern  of  available 
resources  has  clearly  influenced  social  organization  in  this 
population.  The  only  other  report  of  territorial  behavior  is  for  a 
feral  population  in  the  Wassuk  Range,  Nevada  (Pelligrini  1971). 
However,  territorial  behavior  in  that  report  was  not  adequately 
documented. 

In  hotter,  drier  habitats,  both  water  and  forage  availability  are 
major  determinants  of  horse  movements  (Berger  1977 , Green  and  Green 
1977).  During  the  summer  months  the  animals  tend  to  concentrate  their 
activities  within  3 to  7 miles  of  available  water.  In  Grand  Canyon, 
Berger  (1977)  found  that  home-range  size  decreased  in  successive  warm 
months  and  that  the  time  spent  in  drinking  and  resting  increased, 
while  feeding  time  decreased.  Time  spent  feeding  varied  from 
approximately  50  percent  to  30  percent.  Green  and  Green  (1977) 
observed  seasonal  migrations  by  part  of  the  population  from  Stone 
Cabin  Valley  south  to  the  Tonopah  Nuclear  Test  Range.  The  plains 
zebra  in  the  Serengeti  will  migrate  up  to  150  km  to  get  to  dry-season 
foraging  ranges  (Klingel  1972)  . Feral  horses  might  also  be  capable  of 
such  long-range  movements,  but  are  probably  restricted  by  topography 
and  fencing.  Anecdotal  accounts  of  Asiatic  wild  horses  (Mohr  1971) 
suggest  that  their  home  ranges  are  centered  around  water  sources 
during  spring  foaling  and  the  summer  dry  season,  but  that  they  greatly 
increase  their  range  during  the  winter  when  snow  is  available. 
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Studies  in  Alberta  (Salter  1978;  Salter  and  Hudson  1978,  1979)  and 
British  Columbia  (Storrar  and  others  1977)  found  that  habitat 
utilization  was  determined  primarily  by  forage  availability  and  that 
other  factors  were  of  secondary  importance.  Horses  spent  75  percent 
of  their  daylight  hours  feeding  in  winter,  and  the  authors  suggested 
that  there  was  a decrease  in  diurnal  feeding  during  the  summer.  Diet 
quality  peaked  in  June  and  was  low  in  January.  Meadow  and  shrubland 
habitats  were  mainly  utilized  in  spring,  with  a shift  to  forested 
habitats  in  summer  and  fall -early  winter.  Compared  with  deer,  moose, 
and  elk,  horses  were  more  ubiquitously  distributed. 

Skelton  (1978) , using  fecal-sample  analysis  of  horses  in  the 
Camargue,  found  differences  in  diets  according  to  season,  age  class, 
and  herd  membership.  This  last  factor  appeared  to  be  important  to  the 
survival  of  Sable  Island  horses  (Welsh  1975).  Bands  that  lost  their 
stallion  in  the  winter  of  1972  and  were  taken  over  by  amother  and 
presumably  less  experienced  male  had  the  highest  mortality.  This 
outcome  was  attributed  to  bands  moving  to  areas  with  poor  shelter  or 
food  resources  during  a storm. 

Studies  of  feral  horses  on  Assateague  Island  (Keiper  1976a,  1977b; 
Zervanos  and  Keiper  1979)  investigated  social  organization,  activity 
patterns,  and  feeding  behavior.  These  are  the  only  studies  that 
directly  examined  vegetation  consumption  by  individuals  in  terms  of 
time  spent  grazing  per  plant  species.  Watching  different  bands  during 
summer  and  winter  months,  the  authors  determined  that  utilization  of 
standing  crop  biomass  by  bands  ranged  from  5.1  to  20.1  percent  in 
summer,  and  from  2.6  to  31.0  percent  in  winter.  These  figures  do 
relate  to  differences  in  band  size.  The  observers  also  recorded 
seasonal  differences  in  home  range  size  (summer,  6.48  km*;  winter, 

4.32  km^).  Horses  remained  active  throughout  the  night,  spending 
49.7  percent  of  the  nocturnal  hours  feeding. 

Seasonal  distribution  of  Sable  Island  horses  (Welsh  1975)  was 
affected  by  plant-community  type,  shelter,  and  surface  water.  Welsh 
calculated  that  300  horses  (peak  population)  would  eat  13  percent  of 
the  annual  forage  production. 

In  spite  of  all  these  studies,  there  is  still  a dearth  of  critical 
information  specifically  examining  horse  energetics  and  feeding 
ecology.  It  is  readily  apparent  that  horses  are  selective  feeders  but 
that  they  can  still  get  by  on  low-quatlity  forage.  However,  there  are 
no  data  on  the  diversity  and  abundance  of  vegetational  species  or  on 
what  type  of  forage  is  being  selected  seasonally  by  horses  per  sex  and 
age  class.  Such  data  are  critical  to  understanding  reproductive 
potential  (Clegg  and  Ganong  1969,  Hall  1972). 

A great  deal  of  data  is  available  on  equid  social  organization, 
demography,  seasonal  distribution  and  feeding  ecology,  daily  activity 
pattern,  and  reproduction.  For  the  most  part,  however,  the 
information  is  of  a sporadic  and  short-term  nature.  As  yet  no 
long-term  (5  to  10  years)  study  has  been  performed,  nor  has  any  study 
correlated  data  on  population  size  and  demography,  behavior,  and 
feeding  selectivity  with  seasonal  availability  and  quality  of  forage 
and  water.  Activity-budget  data  are  critical  to  determining  the 
energetic  requirements  of  feral  horses  and  burros.  The  resulting 
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interpretation  of  nutritional  status  is  particularly  critical  to 
understanding  the  lifetime  productivity  of  females. 


Equid  Demography 


The  reproductive  performance  and  longevity  of  an  individual  animal 
is  partly  a function  of  its  genetic  make-up,  and  partly  its 
environment  operating  through  its  nutrition,  physiology,  and 
behavior.  The  collective  performance  of  numerous  individuals 
considered  together  as  a population  is  expressed  as  a natality  or 
fecundity  rate,  and  as  a survival  rate.  Such  rates  can  be  expected  to 
vary  annually  to  some  degree  within  a population  as  yearly 
environmental  conditions  vary,  and  between  populations  as  genetic 
make-up  <md  environments  differ. 

These  rates,  in  turn,  interact  to  produce  more  synthetic 
population  traits  like  age  and  sex  composition,  and  rates  of 
population  change.  The  latter  parameter  alone  discloses  much  about  a 
species'  ecological  and  evolutionary  characteristics.  It  provides  an 
indication  of  the  demographic  cushion  with  which  it  can  absorb  such 
environmental  pressures  as  predation  and  competition,  or  human 
exploitation.  Such  related  parameters  as  the  net  reproductive  rate 
(average  number  of  female  young  produced  by  the  average  female  in  her 
lifetime) , mean  generation  length,  and  average  reproductive  value  of 
an  individual  female  at  a given  age  all  provide  insights  into  the 
species'  potential  evolutionary  plasticity. 

From  the  practical  standpoint  of  equid  management,  estimates  of 
herd  increase  rates  disclose  the  rates  at  which  animals  must  be 
removed  in  order  to  hold  them  at  some  decided-upon  level.  Or 
alternatively,  such  rates  make  it  possible  to  predict  rates  of  herd 
growth  in  the  absence  of  any  artificial  controls.  They  may  also 
provide  checks  on  the  validity  of  census  methods.  Since  this  has  been 
a controversial  subject  in  North  American  equid  management,  we  devote 
considerable  attention  to  the  subject  in  the  sections  below. 


The  Wild  Horse 

(1)  Fecundity.  Considerable  work  has,  of  course,  been  done  on 
reproductive  patterns  in  domestic  horses . But  very  little  information 
is  available  on  natality  rates  in  free-roaming  wild  horses.  The  rates 
that  characterize  well-managed,  confined  domestics  may  constitute  the 
maxima  of  which  the  species  is  capable  under  optimum  nutritional  and 
breeding  conditions,  and  under  protection  from  the  elements.  The 
available  data  froi^.  wild  herds  indicate  lower  rates,  doubtless  the 
cost  of  field  breeding,  less-than-optimum  nutrition,  and  the  rigors  of 
range  life. 

(a)  Age  at  first  female  breeding.  Although  ovulation  and 
conception  begin  at  1 year  of  age  in  domestic  fillies,  there  appears 
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to  be  a high  fetal  loss  in  mothers  of  this  age.  In  one  study  (Ginther 
1979)  of  mares  confined  to  pens  or  small  pastures  and  fed 
supplementary  diets,  69  percent  of  the  yearling  females  conceived  but 
only  44  percent  delivered  at  age  2. 

In  all  the  published  material  we  examined,  we  found  only  one 
instance  of  conception  at  1 year  of  age  and  foaling  at  2 in  wild 
horses.  This  was  reported  by  Tyler  (1972)  who,  in  a study  of  New 
Forest  ponies  in  Britain,  observed  one  such  case  in  107  2-year-old 
mares  over  a 3 -year  period.  Elsewhere,  no  2-year  foaling  was  observed 
in  the  following  studies: 

(i)  Boyd  (1980)  in  a 2-year  study  of  a 400-horse  herd  in 
Wyoming . 

(ii)  Keiper  (1979)  in  a 5-year  study  of  Shetland  ponies  on 
Assateague  Island  (Maryland-Virginia) , the  population  averaging  about 
300  animals. 

(iii)  Welsh  (1975)  in  a 3-year  study  of  227  to  306  wild  horses  on 
Sable  Island,  Nova  Scotia.  Youngest  mare  seen  copulating  was  26 
months  of  age. 

(iv)  Feist  and  McCullough  (1975)  in  a 1-year  study  of  270  horses 
on  the  Pryor  Mountain  Wild  Horse  Range,  Montana. 

(V)  Nelson  (1979)  in  a 1-year  study  of  116  horses  in  the 
Jicarilla  District  of  the  Carson  National  Forest,  New  Mexico. 

(b)  Age-specific  and  herd  fecundity,  in  one  study  of  confined 
and  well-fed  domestics  (Ginther  1979),  the  percentages  of  mares 
foaling  rose  from  around  65  percent  in  the  younger  animals  to  values 
of  81  to  39  percent  in  ages  approaching  12,  then  declined  to  50  at  age 
20.  In  total,  about  80  percent  of  a mixed-age  herd  becaune  pregnant, 
while  about  70  percent  bore  young.  Since  the  gestation  period  is 
approximately  a year,  and  mares  experience  post-partum  ovulation  and 
conception,  these  percentages  approximate  the  percentage  of  mares  in  a 
mixed-age  herd  that  could  be  expected  to  produce  young  each  year . 
Removal  of  the  younger  animals,  and  keeping  the  herd  stocked  with  the 
more  fecund,  8 to  12-year-old  animals  could  increase  the  expected 
annual  foaling  rate. 

An  important  paper  by  Speelman  and  others  (1944)  summarizes 
reproductive  rates  of  domestic  mares  raised  under  western  range 
conditions  near  Miles  City,  Montana.  These  authors  reported  the 
foaling  rates  of  209  mares,  each  observed  through  severail  breeding 
seasons,  so  that  a total  of  953  individual  breeding  cycles  was 
observed  over  a IS-year  period.  Range  forage  was  the ^primary  food 
source,  and  foals  ran  with  mares  until  weaning,  when  they  were  given 
grain  and  hay  until  1 year  of  age.  From  1 year  to  maturity,  and 
thereafter,  pastures  provided  most  of  the  food.  No  supplemental  food 
was  given  except  during  periods  of  exceptionally  severe  weather  or 
during  work  periods. 
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The  953  matings  produced  567  pregnancies  (59.6  percent)  and  568 
foals  (one  set  of  twins  was  born) . Age-specific  fecundity  of  these 
animals  is  shown  in  Table  2.3.  Here,  as  in  the  study  reported  by 
Ginther  (1979),  fecundity  rises  as  the  mares  age  from  3 to  7 years, 
reaches  a maximum  in  about  the  8-  to-ll-year  class,  then  declines 
somewhat  in  the  older  ages.  But  the  foaling  rates  are  generally  lower 
in  these  range-reared  animals. 

These  authors  cited  comparable  statistics  from  other  studies  with 
percentages  varying  from  42.3  to  72.0  for  herd  means.  In  their  own 
studies,  annual  mean  percentages  for  the  entire  herd  varied  from  43.5 
to  73.7. 

Statistics  of  comparable  volume  and  detail  are  hot  available  for 
wild  horse  herds,  but  3-year-old,  4-year -old,  and  herd  foaling  rates 
have  variously  been  reported  in  the  studies  cited  above.  The  manner 
of  reporting  has  not  been  uniform  among  the  studies,  making  comparison 
somewhat  difficult  in  places.  But  it  seems  worthwhile  detailing  these 
results,  recalculating  where  possible  some  of  the  authors'  data  in 
order  to  allow  maximum  comparison: 

(i)  Tyler  (1972)  detailed  the  age  composition  of  the  mares  on 
her  study  area  in  each  of  the  3 years  of  her  study  (see  her  Table  1) . 
The  number  of  mares  3 years  and  older  totaled  198,  211,  and  219  in 
1966,  1967,  and  1968,  respectively.  She  also  reported  the  number  of 
foals  born  in  each  of  these  years  at  99,  109,  and  84.  These  values 
produce  annual  foaling  rates  for  3-year-olds  and  older  of  50,  52,  and 
38  percent.  She  states  t.hat  "Most  mares  foaled  for  the  first  time 
when  3 or  4 years  old,  but  some  not  until  they  were  5 years  old."  But 
since  the  foaling  performance  of  these  different  age  classes  was  not 
given,  no  other  rates  can  be  calculated.  It  should  be  pointed  out 
that  the  colt  foals  were  removed  each  year  from  this  population, 
somewhat  similar  to  the  situation  on  Chincoteague  National  Wildlife 
Refuge,  as  discussed  below. 

(ii)  Boyd  (1980)  reported  that  11  percent  (N  * 9)  of  the 
3-year-old  mares  under  observation  in  1978  foaled,  33  percent  (N  « 12) 
in  1979.  In  these  years  the  percentage  of  3-year-old  and  older  mares 
foaling  was  78  and  53;  of  the  4-year-olds  and  older,  86  and  55. 

(iii)  Reiper  (1979)  observed  two  populations  on  Assateague 
Island:  (1)  Those  on  the  Assateague  Island  National  Seashore  (AINS , 
northern  portion  of  island)  which  were  unmanaged  and  allowed  to  pursue 
their  own  demographic  structure  and  performance;  (2)  those  of  the 
Chincoteague  National  Wildlife  Refuge  (CNWR,  southern  portion  of 
island)  which  were  privately  owned,  mixed  around  each  year  presumably 
for  husbandry  purposes,  and  from  which  the  foals  were  removed  at  the 
end  of  each  summer  for  sale. 
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Table  2.3. 


Age-specific  Percentages  of  Mares  Bearing  Foals  Each  Year  in 
Range-Reared  Domestic  Horses  (data  from  Speelman  and  others  1944) 


Age^ 

No. 

Mares 

% 

Bearing 

Age^ 

No. 

Mares 

% 

Bearing 

Age^ 

No. 

Mares 

% 

Bearing 

3 

4 

25.0 

9 

73 

65.4 

15 

24 

50.0 

4 

99 

56.6 

10 

67 

67.2 

16 

18 

61.1 

5 

125 

57.6 

11 

56 

69.6 

17 

12 

41.7 

6 

105 

58.1 

12 

47 

57.4 

13 

7 

0 

7 

96 

60.4 

13 

40 

50.0 

19 

2 

0 

3 

94 

70.2 

14 

29 

58.6 

20 

2 

50.0 

7 

48 

54.1 

^This 

is  the  age  at 

foaling 

. The 

foals  were 

sired  1 

year  earlier. 

Keiper  reported 

foaling 

rates 

and  numbers 

of  mares  for  the  two 

populations  in  his 

Tzible  4 

as  follows: 

Year 

AINS 

CNWR 

1975 

58.8(17) 

70.9(38) 

1976 

64.3  (14) 

81.0 (37) 

1977 

70.5(17) 

75.0(37) 

1978 

70.0 (20) 

— 

1979 

43.5(23) 

70.8 (24) 

Cm 

Mean 

61.4 

74.4 

He  attributed  the  differences  between  the  two  populations  to  the  foal 
removal  on  CNWR,  and  resulting  relaxation  on  the  mares'  physiological 
resources  of  not  having  foals  sucJcling  through  the  subsequent 
pregnancy.  One  might  also  speculate  that  the  annual  foal  removal 
could  have  produced  an  older  mare  population  with  higher  fecundity. 

The  CNWR  age  composition  was  not  given « and  hence  it  is  impossible  to 
calculate  age-specific  fecundity  rates  for  the  population. 

Such  rates  can  be  approximated  for  AINS,  although  we  have 
encountered  some  difficulty  in  discerning  the  consistency  between 
Keiper's  Tables  1 and  4.  He  states  in  the  footnote  to  Table  1 that 
all  foals  on  AINS  were  from  "mature"  (4  and  older)  mares  except  for 
three  born  to  3-year-olds.  The  5-year  summary  in  this  table  lists  85 
mature  mares  and  52  foals,  for  a foaling  rate  of  61  percent,  the  same 
mean  as  in  Table  4 (see  above) . But  Table  4 shows  a 5-year  total  of 
91  mares  and  55  foals.  Since  the  5— year  total  of  "immature"  mares  was 
74  (his  Table  1) , and  somewhere  between  a third  and  a half  of  these 
were  probably  3-year-olds,  the  91  in  Tadsle  4 cannot  have  been  the 
combined  3-year-olds  and  older . 

Since  the  91  is  close  to  the  35  "matures"  in  Table  1,  we  assume 
the  fecundity  rates  in  Table  4 and  above  are  those  for  4-year-olds  and 
older,  and  are  so  recorded  in  our  Table  2.4.  If  we  assume 
conservatively  that  a third  (25)  of  the  5-year  total  of  74  "immatures" 
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in  his  Table  1 were  3-year-olds  and  add  these  to  the  35  "matures," 
then  the  52  foals  constituted  approximately  a 47  percent  5-year- 
average  foaling  rate  for  the  3-year-olds  and  older  (52/110  X 110) . 
This  would  also  imply  a 3-year  average  3-year-old  foaling  rate  of 
somewhere  around  12  percent  (3/25  x 100) . 

(iv)  Welsh  (1975)  provided  the  most  detailed  analysis  of  the 
fecundity  of  a wild  horse  herd,  summarizing  foaling  rates  over  a 
3-year  period  for  3-year-old  mares,  4's,  and  the  5's  and  older  which 
he  called  "adults."  The  results  are  as  follows,  the  sample  sizes 
given  parenthetically  after  each  rate: 


% Foaling  By  Year 


Age 

1970 

1971 

1972 

Mean 

3 

0 (6) 

19(16) 

0 (6) 

11(28) 

4 

0(1) 

50(6) 

25(8) 

33(15) 

5 + 

63  (76) 

84  (76) 

52(45) 

69  (197) 

In  order  to  compare  these  with  the  results  of  other  studies,  which 
have  combined  results  in  slightly  different  ways,  it  is  of  interest  to 
calculate  the  rates  for  4-year-olds  and  older,  and  for  3-year-olds  auid 
older.  We  have  done  so  as  follows  for  the  above  columns: 

3+  58(83)  71(98)  42(59)  60(240) 

4+  52(77)  82(82)  47  (53)  66(212) 

(v)  Feist  and  McCullough  (1975)  considered  all  mares  4 and 
older  to  be  "adults,"  the  2-  and  3-year-olds  to  be  "immatures."  In 
the  year  they  observed  the  Pryor  Mountain  herd,  78  adult  mares  bore  33 
foals,  a foaling  rate  of  42  percent.  In  addition,  two  foals  were 
produced  by  3-year -olds.  Although  the  3-year -olds  were  not 
enumerated,  the  immature  age  class  numbered  27  and  we  can  hypothesize 
conservatively  that  about  10  of  these  were  3-year-olds.  On  this 
assumption,  the  3-year-old  foaling  rate  was  somewhere  near  20  percent, 
and  the  rate  for  all  mares  3 years  and  older  would  be  approximately 
35/88  X » 40  percent. 

(vi)  Nelson  (1979)  observed  21  foals  born  to  38  "mature"  (4 
years  and  older)  mares,  a rate  of  55  percent.  Apparently  no  foals 
were  born  to  younger  mares.  "Immature"  animals  numbered  14,  and  if  as 
many  as  5 of  these  were  3-year-olds,  then  the  rate  for  all  mares  3 
years  and  older  would  be  on  the  order  of  21/43  x 100  * 49  percent. 

(vii)  Hall  (n.d.)  presented  sex  and  age  composition  on  the  Pryor 
Mountain  herd  in  1971,  and  reported  that  18  foals  were  seen  in  the 
area.  Mares  made  up  40  percent  of  the  herd  of  80.  Of  the  80,  9 were 
10  years  or  older,  42  were  4 to  9.  Since  3-year-olds  made  up  9 
percent  of  the  herd,  they  numbered  80  x .09  » 7.  If  we  apply  the  40 
percent  female  percentage,  then  the  number  of  mares  in  each  of  these 
age  classes  approximated  4 , 17 , and  3 , and  totaled  24 . The  foaling 
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rate  for  3-year-olds  and  older  therefore  was  on  the  order  of  18/24  x 
100  » 75  percent.  There  is  no  way  to  subdivide  the  rates  any  further. 

All  of  these  statistics  are  summarized  in  Table  2.4,  and  several 
generalizations  seem  justified.  First,  fecundity  rates  in  wild  horses 
appear  to  increase  with  age,  at  least  in  the  first  half  to  two-thirds 
of  life,  as  we  have  seen  is  the  case  in  confined  and  range-reared 
domestics.  In  the  studies  summarized  in  Table  2.4,  the  percentage  of 
3-year-olds  foaling  has  varied  between  years  and  areas  from  0 to  33 
percent,  and  has  averaged  13  percent.  Most  of  the  studies  have  not 
reported  the  rates  for  4— year— olds,  and  the  three  values  cited  in 
T2Uale  2.4  may  or  may  not  be  typical.  Judging  by  the  abundant 
representation  of  rates  for  4-year-olds  and  older,  and  for  5-year-olds 
and  older,  the  rates  in  this  latter  class  commonly  rise  above  60 
percent,  in  individual  years  exceeding  80. 

Because  of  these  age-specific  differences  in  fecundity,  the  rate 
one  uses  to  express  the  performance  of  a given  herd  depends  on  the  age 
classes  included.  The  rate  for  the  5— year— olds  and  older  animals  can 
be  expected  to  be  higher  than  that  for  the  4-year-olds  and  older  (the 
"adults"  or  "mature"  animals  of  several  authors) , and  in  turn  the  rate 
for  the  3-year-olds  and  older  will  be  lower  than  that  for  the 
"matures."  This  is  evident  in  Table  2.4.  Furthermore,  the  rate  for  a 
herd  will  depend  on  its  age  composition:  a herd  with  a large  number 
of  3-  and  4-year-olds  is  likely  to  have  a lower  rate  them  one  with 
fewer  of  these  ages  and  a greater  number  of  older  animals,  other 
things  being  equal.  Comparison  between  herds  and  years  can  only  be 
precise  when  these  variables  are  standardized. 

Within  these  constraints,  herd  fecundity  rates  for  the  areas  and 
years  covered  by  the  studies  in  Table  2.4  vary  between  38  and  78 
percent  for  the  3-year-olds  and  older  animals,  and  average  54.  The 
rates  for  the  4-year -old  and  older  segments  of  the  population  vary 
between  42  and  36,  and  average  61. 

Why  fecundity  in  wild  horses  should  be  lower  than  that  of  confined 
domestics,  and  should  vary  markedly  between  years  in  some  herds  (cf. 
Welsh  1975,  Boyd  1980),  has  been  the  subject  of  considerable 
speculation  in  the  literature. 

Several  authors  surmise  that  the  main  source  of  variation  is  not 
fertility,  but  the  ability  of  the  mare  to  carry  a viable  fetus  to 
parturition.  This  ability,  in  the  speculation  of  some,  varies  with 
weather  conditions,  food  supplies,  and  perhaps  the  age  of  the  mare. 

One  gets  the  impression  from  reading  the  literature  that  reproduction 
is  a heavy  drain  on  the  mare's  physiological  resources,  and  that  added 
stress  can  result  in  abortion. 

Thus  Boyd  (1980),  citing  published  abortion  rates  of  10  percent  in 
domestic  horses,  suspected  the  difference  in  foaling  rates  between  her 
2 years  of  study  to  have  been  due  to  variations  in  abortions  and 
stillbirths  resulting  from  the  mild  winter  preceding  the  first  study 
year,  and  a severe  winter  prior  to  the  second.  Keiper's  (1979) 
suggestion  that  the  higher  foaling  rate  on  CNWR  was  due  to  the  removal 
of  foals  and  release  of  mares  from  lactation,  and  consequent  lower 
abortion  rate  was  mentioned  earlier.  To  Tyler  (1972),  abortions 
seemed  "common"  aunong  New  Forest  ponies  during  late  autumn,  winter. 
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TABlj;  2.4 


Aga-S(>«c'lfic  and  Hard  Parcantagaa  of 
(Saa  taxt  for  diacuaalon  of  aach  and 


Hares  Bearing  Coals  In  Seven  Wild  Horae  Studies, 
derivation  of  statistics.) 


Source 

Location 
and  Year 

% (and  No. 
3Y0 

) of  Mares  Foaling  by  Age  Class 
3Y0+  9Y0  9Y0+  5Y0t- 

Feist  6 McCullough  (197&) 

Montana,  1970 

20(10)1 

38(88)1 

92(79) 

Hall  (n.d.) 

Montana,  1971 

- 

75(29  )1 

- 

- 

- 

Boyd  (1980) 

Wyoming 

1978 

11(9) 

782 

862 

1979 

33(12  ) 

532 

- 

552 

- 

Welsh  (197S) 

Nova  Scotia 
1970 

0(6) 

58(83 ) 

0(1) 

62(77) 

63(76) 

1971 

19(16) 

71(98) 

50(6) 

82(82) 

89(76) 

1972 

11(6) 

92(59) 

25(8) 

97(53) 

51(95) 

Keiper  (1979) 

Maryland 

1975 

59(17) 

1976 

- 

- 

69(19  ) 

_ 

1977 

- 

- 

71(17) 

1978 

- 

- 

- 

70(20) 

1979 

- 

- 

- 

99(23) 

5-year  mean 

12(25)1 

97(110)1 

- 

- 

- 

Nelson  (1979) 

New  Mexico,  1977 

0(5)1 

99(93)1 

- 

55(38) 

- 

Tyler  (1972) 

Britain 

1966 

50(171) 

1967 

- 

52(  167  ) 

- 

1968 

- 

38(186) 

- 

- 

- 

Unueiglited  Means 

13 

59 

25 

61 

66 

Theac  values  were  calculated  uii  the  basis  of  certain  assumptions.  See  text  for 
derivation . 


2 

No  sample  sizes  given.  The  entire  herd  numbered  373  and  398  in  the  2 years. 
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and  early  spring  and  could  have  been  the  major  factor  contributing  to 
the  low  foaling  rate.  She  actually  saw  nine  aborted  foals. 

Welsh  (1975)  surmised  that  the  differences  in  foaling  rates 
between  his  3 years  of  study  (Table  2.4)  were  due  to  differences  in 
abortion,  these  in  turn  resulting  from  poor  nutrition  and  differences 
in  severity  of  the  three  winters.  The  first  was  severe  at  the 
beginning  but  then  eased,  the  second  was  mild  throughout,  and  the 
third  was  long  and  severe  throughout.  Nelson  (1979)  observed 
differences  in  foaling  between  females  that  did  and  did  not  have 
access  to  revegetation  areas.  Females  with  access  to  these  foaled  a 
month  earlier.  They  comprised  64  percent  of  the  mature  female 
population  but  contributed  73  percent  of  the  foals. 

Indications  of  a tenuous  balance  between  the  mare  and  her 
resources  and  the  foal  and  its  viability  are  suggested  from  several 
observations  by  these  authors.  In  Welsh's  study,  the  postnatal 
mortality  of  foals  born  to  3-  and  4-year-old  mares  was  higher  than 
that  for  foals  born  to  older  females.  In  the  first  and  third  years  of 
his  study,  abortion  rates  were  higher  and  foal  mortality  lower, 
suggesting  that  the  weak  foals  were  lost  before  birth.  In  the  second 
year,  the  abortion  rate  was  lower,  fecundity  higher,  but  postnatal 
foal  loss  was  the  highest  of  the  3 years.  In  the  middle  year,  half  of 
the  mares  that  foaled  died,  but  only  18  percent  of  those  that  did  not 
foal  died. 

While  not  endorsing  the  idea  for  her  study,  Boyd  (1980)  cites 
several  authors  (Klingel  1969c,  Tyler  1972,  Moehlman  1974,  Nelson 
1979)  who  have  suggested  that  wild  equid  mares  may  commonly  foal  in 
alternate  years.  The  phenomenon  might  reflect  their  inability  to 
recover  reserves  sufficiently  to  bear  a foal  each  year.  She  noted 
that  older  mares  that  foaled  in  May  1978  did  not  foal  again  until  late 
1979.  One  veterinarian  has  told  us  that  if  range— reared  domestic 
mares  are  bred  at  2 years  of  age  and  foal  at  3,  they  are  not  likely  to 
foal  again  at  4.  It  is  not  known  whether  these  tendencies  explain  the 
fact  that  none  of  the  herds  summarized  in  Taole  2.4  continued  to  foal 
during  each  year  of  observation  at  rates  markedly  above  or  below  the 
means  for  the  age  classes. 

Techniques  are  available  for  assessing  pregnancy  status  of  freshly 
captured  wild  mares  and  hence  to  allow  estimates  of  probable  natality 
rates.  Appropriate  data  could  be  collected,  in  part,  in  connection 
with  the  adopt-a-horse  program  and  with  the  projected  burro  removal 
operations.  A single  trained  person  with  the  capture  teams  could 
accomplish  requisite  sample  collection  and  examination  of  the 
females.  This  could  also  be  made  a part  of  a capture  prograun  for 
marking  purposes.  It  would  be  an  essential  part  of  field-testing 
contraceptives,  since  implanted  pregnant  animals  would  continue  a 
normal  pregnancy,  delivery,  and  lactation  but  not  return  to  heat.  The 
effects  of  the  contraceptive  would  not  be  evident  until  the  following 
year  in  such  animals. 

SSL  Foaling  season,  in  captivity,  some  female  domestic  horses 
ovulate  year-round  with  a cycle  length  of  21  to  22  days,  but  most  tend 
to  be  seasonal  depending  on  latitude.  In  the  wild,  this  seasonality 
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becomes  strongly  pronounced  (Table  2.5),  with  May  the  major  foaling 
month  and  over  three-fourths  of  the  foals  commonly  born  in  the  3-month 
period  April  to  June.  Even  in  the  exceptional  case  of  Sable  Island, 
where  young  were  born  in  all  months  of  the  year  but  January  (Table 
2.5),  77  percent  were  born  during  these  3 months. 

In  addition  to  the  studies  summarized  in  Table  2.5,  Hall  (n.d.) 
reported  that  the  "majority"  of  mares  had  foaled  in  the  Pryor  Mountain 
herd  (Montana)  by  mid-July.  And  Feist  and  McCullough  (1975)  found  all 
of  the  foals  born  between  15  April  and  30  June  during  their  year  of 
study  on  Pryor  Mountain. 

(2)  Age  Composition.  In  large  areas  where  emigration  and 
immigration  are  not  important  variables,  the  age  composition  of  an 
animal  population — numbers  and  percentages  of  animals  in  each  age 
class~is  produced  by  the  interaction  of  its  reproductive  and 
mortality  rates.  Hence,  in  a general  way  it  is  indicative  of  the 
demographic  characteristics  of  a population.  More  precisely,  the  age 
composition  can  be  used  to  measure  mortality  or  survival  rates, 
provided  that  certain  conditions  hold  within  the  population.  These 
aspects  will  be  explored  shortly  in  the  section  on  mortality. 

At  this  point  in  our  discussion,  the  subject  of  age  composition  is 
relevant  to  the  question  of  herd  fecundity.  For  as  we  have  seen, 
fecundity  appears  to  vary  with  the  mare's  age,  and  hence  a herd's 
reproductive  output  and  growth  rate  will  depend  on  its  age 
composition,  or  at  least  that  of  its  mares. 

For  these  reasons,  we  devote  a substantial  amount  of  space  to  an 
analysis  of  available  information  on  age  composition.  This  section 
covers  the  topic  with  respect  to  horses.  Burros  will  be  treated  in  a 
later  section. 

The  BLM  routinely  determines  the  ages  of  horses  brought  in  from 
herd  roundups.  Over  the  past  few  years,  thousands  of  animals  have 
been  aged  by  the  familiar  tooth-aging  method,  and  records  are  kept  in 
BLM  files  on  all  of  these  animals.  With  BLM  cooperation,  we  have 
obtained  a large  portion  of  this  information  and  have  summarized  it  in 
Table  2.6.  These  include  animals  gathered  during  22  different  periods 
and/or  areas  in  four  states.  They  total  4,325  females  and  3,939 
males,  a S2unple  equivalent  to  15  percent  of  the  60,000  wild  horses 
reported  to  occur  in  the  western  states. 

In  a normal  age  distribution,  the  numbers  of  animals  in  each  age 
class  should  exceed  the  numbers  in  the  next  older  class.  The 
predominance  of  the  2-year-old  class  in  these  data  (Table  2.7) 
indicates  either  that  the  foals  and  yearlings  are  not  sampled  in 
proportion  to  their  abundance,  or  that  the  aging  techniques  are 
unreliable.  Since  there  should  be  no  problem  with  aging  the  foals,  we 
are  inclined  toward  the  former  explanation. 

Wblfe  (1980)  used  similar  BLM  roundup  data  to  calculate  survival 
rates  from  age  structure.  He,  too,  found  the  0-  and  1-year-old 
classes  less  numerous  than  the  2-year-olds. 

A deficiency  of  foals  and  yearlings  could  occur  in  a localized 
population  following  2 years  of  reproductive  failure  and/or  low  foal 
survival  due  to  exceptional  weather.  But  the  fact  that  the  data  in 
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TABLE  2.5  Jtonthly  Distribution  of  Foals  Bom  in  Five  Studies 
of  Wild  Horse  Herds 


Month 

Percent 

: of  Foals 

Born  by 

Location  and 

Source 

Wyoming 
( 3oyd 
1980)^ 

Md.-Va. 
( Keiper 
1979)2 

NewMexico 

(Nelson 

1979) 

NovaScotia 

(Welsh 

1975)^ 

Britain 

(Tyler 

1972)^ 

January 

0 

0 

0 

0 

0 

February 

■ 0 

0 

0 

1 

0 

March 

0 

0 

0 

1 

2 

April 

9 

17 

33 

20 

T 

May 

47 

47 

38 

3 5- 

96 

June 

33 

19 

14 

22 

i 

J uly 

7 

11 

10 

10 

2 

August 

4 

4 

5 

5 

1 

September 

1 

3 

0 

1 

0 

October 

0 

0 

0 

2 

0 

November 

0 

0 

0 

1 

0 

December 

0 

Q 

0 

1 

0 

No . in 

Sample 

107 

142 

21 

143 

2 9 4. 

*1979  only.  1973  not  used  because  observation  season  delayed. 

Ir 

5-year  average. 

3-year  average. 

4 

Average  tor  three  studied  breeding  seasons.  Winter  births 
have  been  observed  in  New  Forest  ponies. 
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Tables  2.6  and  2.7  were  taken  over  a 3-year  period  and  a wide 
geographic  range,  the  fact  that  2-year-old  predominance  recurs  in 
about  two-thirds  of  the  individual  population  samples,  and  Wolfe's 
similar  result  for  other  areas  and  years  strongly  indicates  that  it  is 
a sampling  artifact. 

Beyond  this,  there  is  a strong  predominance  of  animals  in  the 
younger  age  classes  (Table  2.7)  and  a gradual  decline  in  numbers  in 
each  successively  older  class.  The  sequence  is  not  perfectly  smooth, 
as  there  are  slight  divergences  from  the  expected  geometric  rate  of 
decline.  But  these  could  be  due  in  part  to  sampling  error  and/or 
imperfections  in  the  aging  techniques.  Overall,  a gradual  shrinkage 
occurs  to  the  point  where  the  number  of  animals  in  each  age  class  13 
years  of  age  2uid  older  constitute  less  than  1 percent  of  the  total. 

While  the  trends  are  more  variable  in  the  individual  samples  of 
Table  2.6,  doubtless  in  part  because  the  samples  are  smaller  and  more 
subject  to  sampling  error,  the  general  pattern  shown  in  Table  2.7 
tends  to  prevail  in  each  of  these  smaller  data  sets.  One  can 
therefore  infer  that  the  pattern  in  Table  2.7  occurs  widely  over 
western  horse  herds. 

Age  composition  from  the  available  wild  horse  studies  in  the 
literature  is  based  both  on  smaller  samples  and  a failure  to  divide 
the  data  by  each  age  class,  as  in  Tables  2.6  and  2.7.  But  despite 
these  deficiencies,  they  are  of  comparative  interest  and  are 
summarized  in  Table  2.3. 

Several  generalizations  may  be  drawn  from  this  table,  the  first 
about  the  percentage  of  foals  in  the  herds.  Where  the  number  of  foals 
born  is  calculated  as  a percentage  of  a herd,  it  constitutes  one 
measure  of  the  reproductive  output  of  that  herd  in  that  year.  The 
values  in  Table  2.8  range  from  13  to  23  percent,  and  average  17.1. 

Secondly,  this  percentage  can  be  used  to  calculate  the  percentage 
by  which  a given  herd  in  a given  year  increases  through  reproduction 
from  its  numbers  just  before  the  foaling  period  to  that  immediately 
afterwards.  The  calculation  is  made  by: 

% Foals X 100  ■ % Increase 

100  - % Foals 

The  calculated  increase  rate  is  a real  property  of  a herd  only  if 
there  is  no  mortality  of  adults  during  the  foaling  season,  and  i^  all 
foals  survive.  If  there  is  mortality,  then  the  percentage  is  only  the 
potential  by  which  the  herd  could  have  increased,  and  it  overestimates 
the  actual  increase. 

Furthermore,  the  percentages  are  potential  annual  rates  of 
increase  from  herd  size  just  before  foaling  to  herd  size  at  that  point 
in  the  following  year,  again  on  the  condition  that  no  mortality  occurs 
during  the  year.  They  therefore  set  upper  limits  on  potential 
increase  rates  in  the  herds  and  years  for  which  they  are  calculated. 
Bearing  these  conditions  in  mind,  we  can  use  the  above  equation  to 
calculate  potential  increase  rates  for  the  herds  in  Table  2.8, 
recognizing  that  they  overestimate  the  actual  increase  rates  if  there 
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TABLE 

2.7  Summary 

of  Wild 

liorse  Age 

Composition  Shown 

in  Table  2.6 

Age 

Males 

Females 

Age 

Males 

Females 

No. 

% 

No. 

% 

No. 

.% 

No. 

% 

0^ 

632 

16.0 

575 

11.9 

11 

67 

1.7 

76 

1.6 

1 

423 

10.7 

422 

8.0 

12 

72 

1.8 

76 

1.6 

2 

777 

19.7 

925 

19.2 

13 

0 

0.2 

13 

0.3 

3 

433 

11.0 

649 

13.5 

14 

41 

1.0 

22 

0.5 

4 

310 

7.9 

434 

9.0 

15 

30 

1.0 

38 

0.0 

5 

170 

4.5 

292 

6.1 

16 

2 

0.1 

3 

0.1 

6 

229 

5.8 

393 

0.2 

17 

1 

0.0 

1 

0.0 

7 

276 

7.0 

307 

0.0 

10 

6 

0.2 

6 

0.1 

8 

195 

5.0 

255 

5.3 

19 

0 

0.0 

0 

0.0 

9 

125 

3.2 

117 

2.4 

20 

26 

0.7 

12 

0.3 

10 

100 

2.5 

129 

2.7 

1 


Age  0 are  foalu. 


TABU::  2.U  Con^KiylLlon  of  Mild  Boise  Hurds 


Source 

l.oca  t ion 
and  Year 

Pei 'Cent  in 

Fach 

Age  Class 

Total 
Samp  1 e 

F . A . B . 

F.S./F.2 

Yrlg, 

2s 

3s 

9* 

Feist  C McCullough,  197b 

Montana , 

1970 

13 

11 

1 

18  — 1 

S8 

270 

Hall,  n . d . 

Montana , 

1971 

19 

1 

18  • 

1 

6b 

80 

Boyd,  1979 

Wyoming , 

1078 

2 3 

16 

- 

- 

_ 

37  3 

197  9 

18 

lb 

- 

_ 

_ 

398 

Welsh,  I97b 

Nova  Scotia, 

1970-72^ 

16 

12 

9 

8 

_ 

12,678 

Keiper,  1979 

Maryland , 

1976-79 

17 

16 

1 31 1 

37 

31b 

Nelson,  1979 

New  Mexico, 

1977 

18 

19 

1 70 — i 

97 

116 

Tyler,  1972 

Britain,  , 

19b6‘ 

1 b 

11 

lb 

8 

61 

338 

1967j; 

1 7 

9 

10 

13 

51 

329 

1968^ 

13 

10 

7 

11 

60 

312 

Wolfe,  1980 

Western  U.S.^ 

- 

IB 

_ 

_ 

_ 

_ 

BLH 

Western  U.S.** 

- 

m 

10 

19 

12 

9b 

8,769 

Means 

17.1 

lb. 8 

11  .6 

12.0 

10.9 

bl.8 

1 3 3 , 0— — 1 


Number  of  foals  born  as  per’ceiitage  of  total  herd. 

2 

Number  of  foals  in  late  summer  or  fall  population  as  percentage  of  total  herd. 

Three-year  averages  calculated  from  Welsh's  Tables  b‘i  and  6b. 

1 he  numbei'  of  foals  born  each  year  was  halved  to  estimate  the  number  of  females  born.  These 
were  added  to  the  female  age  compositions  in  Tyler's  Table  1 to  calculate  the  above 
percentages . 
b 

Unweighted  mean  of  percentages  of  1<J,  annual  aerial  counts  in  six  slates. 

^I'roiK  Table  2.7  in  tills  report. 
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is  any  mortality.  For  the  extremes  (13  and  23),  the  potential 
increase  rates  are  15  and  30  percent.  The  average  is  21. 

A second  point  to  be  gleaned  from  Table  2.8  is  that  the 
percentages  of  late  summer  or  fall  herds  which  the  foals  constitute 
are  lower,  on  the  average  (15.8  with  a range  of  13  to  19),  than  the 
percentages  which  the  newly  born  foals  comprise  of  the  herds.  This  is 
doubtless  due  to  mortality  between  birth  and  fall.  Several  authors 
(Tyler  1972,  Welsh  1975,  Keiper  1979)  stress  that  most  foal  mortality 
occurs  in  the  first  month,  indeed  sometimes  the  first  few  days,  of 
life.  Thus,  the  fall  foal  percentage  is  only  a rough  indicator  of 
herd  natality.  In  some  areas  when  foal  mortality  is  especially  high, 
the  percentage  may  be  more  a reflection  of  foal  mortality  than  of  foal 
birth.  In  addition,  any  loss  of  older  horses  between  the  foaling 
season  and  fall  is  an  additional  variable  affecting  this  statistic, 
tending  to  inflate  it. 

A third  inference  to  draw  from  Table  2.8  is  that  the  nonfoaling 
females  of  the  herds  (foals,  yearlings,  and  2-year-olds)  average 
somewhere  near  40  percent  of  the  females,  the  exact  figure  depending 
on  whether  one  uses  the  at-birth  foal  percentage  or  the  late-summer/ 
fall  percentage.  If  the  low-foaling  3-year-old  females  (Table  2.4) 
are  added  to  this  group,  the  new  total  makes  up  roughly  half  of  the 
females  and  one-fourth  of  the  herds.  On  average,  therefore,  the  fully 
breeding  4-year-olds  suid  older  females  (the  "matures"  of  several 
authors)  comprise  only  about  one- fourth  of  most  wild-horse  herds. 

(3 ) Survival.  It  is  useful  to  consider  two  categories  of 
survival  data:  those  covering  the  first  year  and  those  covering  all 

subsequent  years . 

(a)  First-year  survival.  Appeal,  once  again,  to  data  on  domestic 
horses  may  suggest  the  maximum  survival  rates  that  could  be  expected 
of  wild  herds,  with  the  actual  values  possibly  lower.  In  the  confined 
domestic  herds  cited  above,  where  about  70  percent  of  bred  mares  bear 
young,  foal  mortality  reduces  the  ratio  to  about  55  foals  per  100 
mares  by  the  end  of  the  foal's  first  year.  This  is  a loss  of  about  21 
percent,  and  a first-year  survival  rate  of  79  percent.  Speelmaui  et 
al.  (1944)  report  foal  survival  from  birth  to  weaning  in  range-fed 
domestic  herds  at  87  percent. 

Information  on  survival  rates  in  wild  herds  comes  from  two 
sources,  the  first  of  which  is  direct  observation  of  known  individuals 
and/or  herd  segments  in  the  intensively  studied  populations  cited 
above : 

(i)  While  not  reporting  total  foal  losses,  Tyler  (1972) 
concluded  that  most  loss  occurred  in  the  first  day  of  life. 

(ii)  Boyd  (1979)  reported  the  first-year  survival  rate  of  foals 
in  1978  to  be  82.4  percent.  Field  work  on  the  1979  foal  crop  was  not 
completed  when  she  published,  but  survival  to  2 months  of  age  was  97.7 
percent  in  that  year . 
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(iii)  Keiper  (1979 h also  did  not  report  total  foal  loss,  but 
reported  that  6 of  7 known  foal  deaths  occurred  in  the  first  3 weeks 
of  life. 

(iv)  Welsh  (1975)  provides  some  of  the  most  complete 
observations  on  foal  loss , as  follows : 


Foals 

1970 

1971 

1972 

Meams 

No.  born 

48 

70 

25" 

% dying,  0-4  months 

13 

33 

24 

25 

% dying,  4-16  months 

10 

51 

11 

24 

% dying,  0-16  months 

21 

67 

32 

40 

Except  for  what  may  be  unusual  4 to  16-month  losses  in  1971,  the 
loss  rate  in  the  early  part  of  life  is  heavier  than  that  after  4 
months,  although  the  latter  is  not  insubstantial. 

(v)  Nelson  (1979)  observed  no  foal  mortality  between  birth  and 
September  1 among  the  21  foals  he  observed  in  the  Jicarilla  herd  in 
1979. 


(vi)  Feist  and  McCullough  (1975)  recorded  four  foal  deaths 
between  birth  and  November  1 among  the  35  foals  he  observed  in  the 
Pryor  Mountain  herd,  a loss  of  11  percent. 

(vii)  Hall  (n.d.)  had  observed  18  foals  on  the  Pryors  in  summer 
1971.  But  at  a November  roundup  of  the  entire  herd,  foals  numbered 
15,  a number  suggesting  a loss  of  3 (17  percent)  during  the  period 
from  July  to  November. 

A second  means  of  calculating  survival  rates  is  with 
age-composition  measurements.  In  wild  populations,  the  difference 
between  number  of  foals  at  birth  and  the  number  of  yearlings  at  the 
same  date  can  be  used  to  estimate  first-year  survival  rate  provided 
the  population  is  a long  unchanging  one  that  has  assumed  a stationary 
age  distribution  from  constant  natality  and  mortality  rates  over  a 
preceding  period  of  several  years.  Pew  populations  meet  these 
criteria,  and  the  ones  from  which  we  have  cited  age  composition  data 
do  not.  Thus  Nelson's  (1979)  Jicarilla  herd  contained  21  foals  and  16 
yearlings,  suggesting  a 76  percent  first-year  survival  rate  (16/21  x 
100  » 76).  But  his  herd  was  increasing,  a fact  that  would  make  this 
estimate  conservative,  and  the  numbers  are  small.  The  Pryor  Mountain 
herd  (Feist  and  McCullough  1975)  contained  35  foals  and  30  yearlings, 
implying  eui  86  percent  first-year  survival  rate.  The  above 
reservations  also  apply  here. 

Keiper  (1979)  lists  a 5— year  total  of  52  foals  and  49  yearlings  in 
the  AINS  population,  implying  a 94  percent  first-year  survival  rate. 
Yet  he  observed  7 foal  deaths,  which  would  be  13  percent  of  the 
composite  5-year  foal  population,  and  he  did  not  assume  that  he  had 
seen  all  of  the  animals  that  died.  (Note:  annual  survival  rate 

s * 1 - a,  the  annual  mortality  rate.  Both  s and  a are  expressed  as 
decimal  fractions.  Both  can  be  multiplied  by  100  to  convert  into 
percentages. ) 
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Because  of  the  apparent  bias  against  foals  and  yearlings  in  the 
BLM  roundup  data  (TcUsles  2.6  and  2.7),  they  cannot  be  used  for 
calculating  first-year  survival.  However,  Wolfe  (1980)  used  similar 
BLM  roundup  data  to  calculate  survival  rates  from  age  structure.  He, 
too,  found  the  0-  and  1-year-old  classes  less  numerous  than  the 
2-year-olds,  and  for  this  reason  we  are  reluctant  to  accept  his  low 
first-year  survival  estimates  (see  his  Table  4 with  a range  of  28  to 
70  percent,  and  a mean  of  46). 

But  in  his  Table  2,  Wolfe  listed  foal  percentages  based  on 
herd-structure  observations  made  in  the  field  without  rounding  up  the 
animals.  The  observations  were  made  on  16  different  populations  in  6 
states,  some  counted  over  a 3-year  period  and  in  many  cases  more  than 
once  a year.  It  would  seem  reasonable  to  assume  that  changes  in  those 
percentages  between  late  summer  after  foaling,  and  the  following  late 
winter  and  spring,  result  at  least  in  part  from  foal  mortality.  In  15 
August  counts,  the  mean  foal  percentage  was  18.3  percent.  In  17 
January  to  March  counts,  the  percentage  declined  to  13.3,  and  a 
reduction  of  27  percent  below  the  August  mean.  To  what  extent  this 
could  legitimately  be  taken  as  a 73  percent  August- to-March  survival 
rate  is  not  known. 

It  is  difficult  to  gain  any  balanced  and  precise  overview  of  the 
magnitude  of  first-year  survival  from  these  disparate  results.  They 
are  derived  in  many  cases  from  small  seunples,  span  periods  of  time 
that  vary  from  2 months  (Boyd  in  1979)  to  16  months  (Welsh  1975) , and 
in  some  cases  involve  assumptions  that  cannot  be  met  or  are  of 
uncertain  validity.  Given  these  uncertainties,  the  79  to  37  percent 
first-year  survival  rates  in  confined  and  range-reared  domestics, 
Boyd's  82.4  percent  first-year  rate,  Welsh's  79  to  33  percent  16-month 
rates,  and  the  73  percent  rate  calculated  above  from  Wolfe's  data 
suggest  that  20  to  25  percent  first-year  mortality  and  75  to  80 
percent  survival  rates  might  not  be  uncommon. 

It  seems  possible  that  this  is  a variable  parameter,  sensitive  to 
a variety  of  variables  including  weather  and  range  conditions,  and 
responding  to  climatic  and  vegetative  differences  between  areas. 

Tyler  (1972) , emphasizing  the  importance  of  loss  in  the  first  day 
of  life,  observed  congenital  weaknesses  and  rejection  by  the  mare  as 
the  main  natural  causes  of  early  loss.  Shooting  and  accidents  were 
the  more  important  huoum-related  causes.  She  observed  6 foals  older 
than  one  day  that  she  believed  were  killed  by  stallions. 

Boyd  (1980)  reported  that  30  percent  of  known  foal  deaths  occurred 
within  the  first  week  of  life,  50  percent  within  the  first  month. 
Causes  of  19  known  foal  deaths  in  1978  were  inexperienced  mare  (37 
percent) , congenital  weakness  (16  percent) , miring  in  mud  and 
accidents  (26  percent) , and  winter  debilitation  (21  percent) . Welsh 
(1975)  reported  lower  survival  of  young  in  small  and/or  unstable 
herds , suggesting  the  role  of  social  factors . 

Boyd  (1980)  observed  that  some  desertion  occurs  in  summer  when 
herds  concentrate  around  water  holes.  Foals  may  get  separated  from 
their  dams  during  the  confusion  and  milling  about,  and  the  mares  may 
leave  the  young  behind  when  they  disperse.  She  suggests  that  this 
tendency  could  increase  as  population  size  increases,  thereby  serving 
as  one  density  dependent  source  of  attrition. 
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The  relationship  described  above  between  the  mare's  physical 
condition,  her  ability  to  carry  a foal  to  birth,  and  herd  natality  may 
also  be  correlated  with  survival  of  foals  brought  to  parturition. 

Thus,  Welsh  (1975)  points  out  that  Sable  Island  horses  experienced 
different  birth  rates  in  the  3 years  he  observed  them,  attributing  the 
differences  to  different  abortion  rates.  In  these  same  years,  there 

was  a rough  inverse  correlation  between  early  foal  survival  and 
natality; 


1970 

1971 

1972 

% 3 yr.  + mares 

foaling  58 

71 

42 

% foals  surviving. 

0-4  months  37 

67 

76 

In  Welsh's  surmise,  the  weak  foals  were  aborted  in  years  with  low 
natality , ultimately  resulting  in  higher  postnatal  survival  rates  of 
the  foals  ultimately  born.  A somewhat  similar  pattern  may  be  seen  in 
Boyd's  data: 


1978 

1979 

% 3 yr.  + mares 

foaling 

78 

% foals  surviving. 

0-2  months 

32 

98 

Hence  there  appears  to  be  some  evidence  that  natality  rates  and  foal 
survival  rates  may  be  inverse  to  each  other,  at  least  in  some  cases. 

Welsh  further  reported  that  the  survival  of  foals  born  to  3-  and 
4 -year-old  mares  is  lower  than  that  of  foals  from  older  mares.  In 
this  case,  age-specific  fecundity  and  subsequent  foal  survival  are 
positivaly  correlated,  once  again  reflecting  the  dependency  of  the 
parameters  on  the  mares'  resources. 

Establishing  the  magnitude  of  foal  mortality  more  precisely,  and 
its  range  of  variation  under  different  environmental  pressures,  would 
require  lengthy  and  costly  research.  The  most  promising  approach 
would  probably  be  to  capture  large  numbers  of  mares  prior  to  foaling 
and  determine  which  are  pregnant.  These  would  need  to  be  marked  or 
individually  recognized  by  their  color  and  structural  characteristics, 
and  then  observed  in  the  year  after  the  foals  are  born  in  order  to 
document  birth  and  foal  survival  rates.  It  might  be  advantageous  to 
telemeter  the  mares  so  that  they  could  be  readily  located.  A sample 
of  200  foals  would  not  be  large  enough  to  provide  very  high 

precision,  since  the  confidence  intervals  around  an 
estimated  80  percent  survival  rate  at  0.025  probability  level  would  be 
74  and  35  (Mainland  1948).  Yet,  if  only  half  of  the  mares  foaled  each 
year , 400  would  need  to  be  captured  and  tested  in  order  to  provide  a 
sample  of  200  foals. 
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An  operation  of  this  magnitude  would  provide  an  estimate  of 
first-year  foal  survival  for  one  population  for  1 year.  Gaining  some 
view  of  the  extent  of  year-to-year  variation  would  require  similar 
efforts  for  each  of  several  years,  and  determining  the  extent  of 
variation  between  areas  would  require  such  effort  at  numerous  sites 
around  the  West. 

(b)  Survival  of  yearlings  and  older  animals.  Survival  in  older 
animals  can  be  estimated  with  the  two  approaches  used  above  for 
first-year  survival  estimates:  direct  observation  of  known  individual 

or  herd  segments  and  analysis  of  age  structure.  Information  from  the 
first  source  is  fragmentary,  but  is  of  some  value: 

(i)  During  her  3 years  of  observation,  Tyler  (1972)  detected 
the  death  of  40  "older”  ponies  while  she  captured  and  saved  3 that 
were  in  dire  straits.  This  is  43  out  of  a 3-year  composite  population 
of  979,  a mortality  rate  of  4 percent  (43/979  x 100),  and  an  annual 
survival  rate  of  96  percent. 

(ii)  In  Keiper's  (1979)  study,  he  observed  11  ponies  1 year  and 
older  that  died  over  a 4-year  observation  period.  This  constituted  a 
known  mortality  of  3 percent  in  the  composite  population  of  315  for 
that  time  period,  and  a maximum  survival  estimate  of  97  percent. 

(iii)  Welsh  (1975)  constructed  time-specific  life  tables  to 
calculate  mortality  rates  in  the  Sable  Island  herd.  We  have 
calculated  mean  annual  mortality  rates  from  these  by  dividing  the 
number  of  0-  to  4-month  animals  in  his  K l^  columns  by  the  total 
numbers  in  those  columns.  The  results  suggest  16.2  percent  mean 
annual  mortality  for  mares  (from  his  Taible  54),  11.2  percent  for  males 
(from  his  Table  55),  and  13.4  percent  for  the  entire  population.  The 
corresponding  survival  rates  are  33.3,  33.3,  and  36.6  percent. 

(iv)  Feist  and  McCullough  (1975)  observed  the  death  of  one  mare 
between  May  1 and  November  1,  1970,  out  of  the  Pryor  Mountain  herd  of 
270  animals. 

(v)  Nelson  (1979)  observed  the  death  of  3 older  animals  in  the 
Jicarilla  herd  of  116,  while  3 more  disappeared  during  his  spring  and 
summer  observations.  This  could  imply  5 percent  loss  through  less 
than  half  of  the  year,  and  a maximum  survival  rate  of  95  percent 
during  this  period. 

In  a stationary  (constant)  population  with  stable  age 
distribution,  the  percentage  of  l-year-olds  in  that  portion  of  the 
population  1 year  and  older  is  equivalent  to  the  mean  annual  mortality 
rate  for  that  portion  of  the  population.  While  neither  of  these 
conditions  may  be  precisely  true  of  the  Pryor  Mountain  (Feist  and 
McCullough  1975)  and  Jicarilla  herds  (Nelson  1979) , the  yearling 
percentages  may  give  rough  approximations  of  the  mean  annual  mortality 
rates  (Table  2.9).  These  are  small  samples,  and  if  they  were  taken 
from  increasing  populations  (and  the  Jicarilla  was  increasing)  they 
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'Overestimate  the  mortality  rates.  Hence  the  mean,  annual  adult 
survival  rates  for  those  animals  1 year  of  age  and  older  appears  to  be 
around  80  to  90  percent  or  higher. 


Table  2.9  Percentage  of  Yearlings  Among  Yearlings  and  Older 
Horses,  Pryor  Mountain  and  Jicarilla  Herds. 


Area 

Sex 

No. 

1 Yr.+ 

No. 

Yrlgs. 

Yrlg. 

% 

0.25 

Conf . Inti . 

Pryor  Mountain^ 

Females 

125 

19 

15 

9-22 

Males 

110 

11 

10 

5-17 

J icarilla^ 

Females 

61 

9 

15 

7-27 

Males 

34 

7 

21  . 

9-38 

^From  Feist  and 

McCullough 

(1975) . 

2prom  Nelson  (1979). 


Similar  calculations  cannot  be  made  with  the  data  in  Table  2.7 
because  of  the  inadequate  representation  of  yearlings  described 
above.  But  adult  survival  rates  can  be  crudely  calculated  for  those 
age  classes  from  2 through  12  years  by  transforming  the  numbers  of 
animals  in  each  class  to  logarithmic  form,  and  regressing  these  values 
on  age.  The  slope  of  the  line  estimates  the  mean,  annual 
instantaneous  mortality  rate.  Converting  back  to  anti— logarithmic 
form  provides  the  mean,  annual  finite  survival  rate  for  the  2 to  12 
age  classes.  The  regression  for  the  mares  produces  an  r^  of  0.919 
and  a calculated,  annual  survival  rate  of  73  percent.  The  same  values 
for  the  stallions  are  r^  » 0.926  and  an  80  percent  annual  survival 
rate.  These  values  will  be  underestimates  if  the  populations  are 
increasing,  and  are  not  statistically  different. 

Wolfe  (1980)  used  the  Chapman— Robson  method  (Robson  and  Chapman 
1961)  to  calculate  similar  rates  in  2-  to  9-year -old  animals  from  6 
herds  in  4 states.  His  results  average  75  percent  for  3 mare  samples, 
67  percent  for  2 groups  of  stallions,  and  74  percent  for  3 herds  of 
mixed  sex. 

These  results  collectively  suggest  adult  survival  rates  of  67  to 
80  percent  per  year.  If  the  herds  are  increasing,  these  are 
underestimates.  The  degree  of  underestimation  to  be  expected  for 
survival  rates  calculated  from  age  data  when  the  population  is 
increasing  can  be  calculated  as: 

S*  » S e"*^ 
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where  S*  » apparent  survival,  S » true  annual  survival,  and  r = annual 
rate  of  increase.  For  example,  if  S = 0.98  and  r = 0.20,  then  the 
apparent  survival  rate  is  0.80.  If  S = 0.90  and  r = 0.15,  then  the 
apparent  rate  is  0.77. 

In  sum,  the  evidence  on  mortality  of  yearlings  and  older  animals 
is  more  equivocal  than  that  on  foals,  and  more  elusive  to  generalize. 
At  the  least,  one  can  say  unequivocally  that  some  loss  has  been 
detected  in  every  herd  that  has  been  studied.  With  the  exception  of 
Feist  euid  McCullough's  single  loss  in  a 7-month  period,  values  of  3 to 
5 percent  known  losses  over  periods  of  several  months  to  a year  recur 
in  several  studies  and  constitute  the  lowest  in  a range  of  available 
values.  Estimates  of  11  to  25  percent  annual  mortality  and  higher 
have  been  derived  from  several  analyses,  but  depend  on  various 
assumptions  of  uncertain  validity. 

Mortality  of  these  older  animals,  like  the  first-year  rates,  are 
doubtless  subject  to  some  between-year  and  between-area  variation 
associated  with  weather,  climate,  and  forage  differences.  However,  we 
suspect  that  they  are  less  sensitive  to  these  environmental  variables 
than  the  first-year  rates,  and  are  themselves  less  variable. 
Elucidating  their  magnitudes  and  ranges  of  variation  more  precisely 
would  again  require  lengthy  and  costly  research,  probably  most 
effectively  carried  out  with  radio  telemetry.  Once  again,  large 
sample  sizes  would  be  needed  to  provide  estimates  with  narrow 
confidence  intervals,  and  repeated  annual  studies  in  a number  of  areas 
would  be  needed  to  disclose  the  patterns  of  temporal  aind  spatial 
variation. 

(4 ) Sex  Composition.  The  sex  ratio  of  wild  horses  shows  a slight 
preponderance  of  males  in  the  first  year  of  life  (Table  2.10) . As  the 
animals  age,  the  percentage  of  males  gradually  declines,  reaching  a 
low  point  somewhere  around  4 to  6 years  of  age  (see  BLM  data  in  Table 
2.10).  This  shift  suggests  higher  mortality  and/or  dispersal  of  males 
during  this  series  of  years.  After  the  4 to  6 ages,  the  percentage  of 
males  appears  once  again  to  increase  progressively  through  life  (BLM 
data  in  Table  2.10) . 

Welsh  (1975)  emphasized  the  reproductive  hazards  to  which  the 
mares  are  subject,  suggesting  that  the  costs  of  pregnancy  and 
lactation  may  increase  female  mortality  rates.  It  may  be  no 
coincidence  that  the  shift  toward  males  in  the  sex  ratios  begins  after 
the  4 to  6 age  classes.  It  is  at  age  5 that  half  or  more  of  the  mares 
begin  to  bear  colts  (Table  2.4) . 

Welsh  (1975)  observed  that  almost  half  the  Sable  Island  mares  that 
foaled  in  1971  died,  while  18  percent  of  those  that  did  not  foal 
died.  Final  cause  of  death  was  attributed  to  heat  loss  and 
starvation.  Autopsies  on  32  dead  adults  and  15  foals  revealed  that 
all  but  one  had  little  body  fat,  and  bone  marrow  fat  levels  ranged 
between  2.4  and  41.6  percent.  Many  had  contracted  spleens  that  lacked 
lymphoid  follicles  cuid  had  large  amounts  of  hemosiderin.  However, 
Welsh  emphasized  that  food  quality  was  similar  between  years  and  was 
rarely  if  ever  limited  in  quantity.  He  attributes  the  susceptibility 
to  starvation  to  the  climatic  differences  between  the  mild  winter  of 


TABLE  2.10  Age-Specific  Sex  Composition  in  Wild  Horse  Herds 


Percent 

Males  1 

0.025 

Confidence  Limits  bv  Aee 

Source 

Foals 

Yrlgs. 

2-3 

4-6 

7-10 

11  + 

BLM  Data^ 

52.M±M 

50. im 

43.513 

39.112 

43.913 

49.415 

(No.  Animals) 

(1207) 

(8i|5) 

(2784 ) 

(1836) 

(15  84-) 

(445) 

2 

Pryor  Mtn. 

SM  . 3il6 

36.7116 

43.8H5 

, 

49. 7l8  . 

1 

^No.  Animals) 

(35) 

( 30) 

(48) 

(157) 

Jicari lla^ 
(No.  Animals) 

57.1121 

(21) 

43.8125 

(16) 

41.7116 

(24) 

I— 

30.9113 

(55) 

1 

^From  Table  2.7. 

2 

From  Feist  and  McCullough  (1975). 

3 

From  Nelson  (1979). 
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1971  and  the  severe  winter  of  1972,  and  the  number  and  intensity  of 
spring  storms. 

Whatever  the  mortality  causes  contributing  to  the  sex-ratio 
changes  in  Table  2.10,  the  sex  ratio  for  the  entire  sample  in  Tables 
2.6,  2.7,  and  2.10  is  55.0  percent  female.  A preponderance  of  females 
is  common  in  a wide  range  of  mammalian  species  and  indicates  higher 
male  mortality  rates. 

The  nearly  balanced  sex  ratio  in  the  older  age  classes  in  Table 
2.10  suggests  that  unweighted  mean,  age-specific  mortality  rates  for 
the  two  sexes  auid  all  age  classes  would  be  similar.  This  was  already 
suggested  by  the  similar  slopes  computed  from  regression  cuialyses 
described  above.  But  because  such  a large  fraction  (76  percent  in 
Table  2.10)  of  the  population  is  concentrated  in  the  foal  to 
6-year-old  age  classes  when  the  male-specific  mortality  appears  higher 
and  the  sex  ratio  increasingly  favors  females,  the  weighted  mean, 
annual  mortality  rate  for  the  population  would  appear  to  be  higher  in 
the  males  than  in  the  females.  But  Welsh's  (1975)  life-table  analyses 
cited  above  in  section  (3)  (b)  (iii)  contradict  this  conclusion. 

(5 ) Population  Trend.  As  mentioned  above,  the  question  of  the 
rates  at  which  horse  herds  increase  has  been  one  of  the  more  disputed 
ones  in  the  controversy  surrounding  the  wild  horse  issue.  Annual 
increase  rates  of  20  percent  or  more,  apparently  originating  from  the 
management  agencies,  have  been  cited  fairly  widely,  but  their  origin 
and  basis  have  been  difficult  to  track  down.  Some  are  based  on  census 
results.  Ryden  (1978:294)  describes  one  BLM  estimate  based  on 
censuses  of  20  percent  increase  between  1974  amd  1975.  Cook  (1975) 
and  Heady  and  Bartolome  (1977)  cite  annual  increase  rates  of  20  to  30 
percent.  Wolfe  (1980)  calculated  finite,  annual  increase  rates  (\) 
from  BLM  census  data  on  12  populations  in  6 states  which  rauiged  from 
1.08  (8  percent)  to  1.30  (30  percent),  and  averaged  1.22  (22  percent) 
per  year,  but  he  was  critical  of  the  results. 

In  order  to  investigate  further  what  preliminary  inferences  could 
be  drawn  from  the  agency  censuses,  we  obtained  data  from  10  BLM 
districts  and  one  national  forest.  These  data  include  censuses  of  67 
horse  herds,  3 burro  herds,  and  2 areas  which  contained  both  species 
(Table  2.11) . The  districts  involved  are  Susanville  and  Riverside, 
California;  Burns,  Vale,  and  Lakeview,  Oregon;  Salmon,  Idaho; 

Billings,  Montana;  Rock  Springs,  Wyoming;  Salt  Lake  City,  Otah;  and 
Ely,  Nevada.  The  national  forest  is  the  Humboldt  in  Nevada.  These 
were  selected  on  the  recommendation  of  BLM  officials  as  being 
representative  and  among  the  ones  with  the  more  complete  data  series. 

The  number  of  years  through  which  each  herd  was  censused  varied 
between  1 and  11,  and  between  1 and  18  counts  were  taken  of  each 
herd.  Most  of  the  herds  had  been  counted  over  4 to  7 years. 

Analyses  disclosed  several  biases  and  uncontrolled  variables  that 
will  be  discussed  in  some  detail  in  a later  section  on  census . 

However,  the  two  main  problems  need  to  be  mentioned  here: 

(a)  Inconsistent  counting  seasons.  The  first  is  a problem 
already  detected  by  Ryden  (1978:294).  In  a seasonally  breeding  animal 


TAB[,IS  2.11  Census  Data  on  72  Wild  Horse  and  Burro  Herds  Obtained  from  BLM  and  Forest  Service  Files. 
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(JopulatioDf  numbers  increase  during  the  breeding  season  and  decline 
during  the  remainder  of  the  year  due  to  mortality.  Comparisons 
between  years  must  be  made  at  the  same  stage  of  the  life  cycle  in 
order  to  avoid  bias  from  this  seasonal  cycle  in  numbers.  The  counting 
season  has  not  been  standardized  in  much  of  the  agency  census  work, 
counts  being  made  early  in  some  years  prior  to  foaling,  in  other  years 
being  made  after  foaling. 


Variation  in  aircraft  used.  Some  herds  were  censused  in  the 
®arly  years  with  fixed-wing  aircraft,  and  in  later  years  with 
helicopters.  In  some  of  the  censuses  in  Table  2.11,  the  method  was 
not  specified.  Analysis  in  the  later  section  on  census  shows  an 
abrupt  increase  in  the  years  in  which  helicopter  counts  replaced 
fixed-wing  counts,  indicating  that  this  method  is  considerably  more 
efficient  at  detecting  horses. 

Viewed  uncritically,  eUaout  half  of  the  census  series  in  Table  2.11 
tended  to  increase  during  the  census  years,  about  a fourth  were 
roughly  stationary,  and  about  a fourth  tended  downwards.  In  the  last 
two  cases,  a number  of  the  declines  were  caused  by  sudden,  1-year 
reductions,  and  one  wonders  whether  a number  of  these  were  due  to 
actual  removals  that  were  not  recorded  in  the  files  we  saw.  The 
general  impression  is  that  the  census  values  tend  to  increase,  and 
Ryden  (1978:295)  concedes  that  the  prevailing  evidence  points  to 
increases  in  horse  herds  since  1971  despite  her  suspicions  about  the 
precise  validity  of  the  agency  censuses. 

In  the  72  herds  shown  in  Table  2.11,  there  are  25  sets  of 
consecutive  census  years  that  (a)  span  3 or  more  years,  (b)  were  taken 
with  either  fixed-wing  aircraft  or  helicopters  throughout,  and  (c)  in 
which  the  census  season  was  held  reasonably  constant  (i.e.,  prefoaling 
or  postfoaling) . These  25  sets  are  as  follows,  labeled  by  the  3LM 
district  and  herd  name: 


SUSANVILLS 

Tuledad:  73-75 

Shafter  Mtn.:  73-75 

New  Years  Lake:  73-75 

Massacre  Lake:  73-75 

BURNS 

Smyth  Creek:  74-76 

Riddle  Mtn.::  74-76 

S.  Steens:  74-77 

Catlow:  72-76 

LAKEVIEW 

Beaty  Butte:  74-77 

Bluejoint:  74-76 

West  Hogback:  73-75 

SALMON 


VALE 

Three  Fingers:  72-74 

Three  Fingers:  76-78 

Cottonwood  Creek  74-78 
Jackies  Butte,  72-74 
Stockade:  74-78 
Hog  Creek:  74-78 

Cold  Springs:  74-76 

Pot  Holes:  74-78 

Basque:  74-78 

Lake  Ridge:  74-77 

BILLINGS 

Pryor  Mtn.:  69-71 

ROCK  SPRINGS 


Chains:  71-74 


Desert:  76-78 

Continental  Peak: 


77-79 


We  converted  the  individual  census  values  for  each  of  the  25  sets 
(15  3-year,  4 4-year,  and  6 5-year  sets)  to  logarithmic  form  and 
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regressed  them  over  time  to  calculate  25  slopes  (and  therefore  25 
instantaneous  rates  of  change) . Both  a slope  coefficient  (b)  and  its 
variance  were  calculated  for  each  set.  A weighted  average  slope  (b) 
was  calculated  by 


where 


1 

w * ■ ■ ■ 

i var  (b) 


The  variance  of  the  weighted  mean  b was  then  calculated  by 


This  enables  calculation  of  95  percent  confidence  intervals  about 
the  mean  rate  of  change.  Finally r the  mean  rate  of  change r its 
confidence  intervals » and  the  individual  rates  were  taken  to  calculate 
finite  rates  of  change  and  confidence  intervals. 

Of  the  25  calculated  rates  of  change,  22  were  positive  while  3 
were  negative.  The  weighted,  meem  annual  finite  rate  of  change  (i) 
for  the  25  sets  and  0.05  confidence  interval  is  1.162±.001, 
suggesting  a 16  percent  mean,  annual  rate  of  increase. 

The  25  sets  were  subdivided  into  the  fixed-wing  and  helicopter 
censuses,  and  the  unweighted  means  for  these  two  groups  were  +22 
percent  (9  sets)  and  +15  percent  (16  sets),  respectively.  The  group 
was  also  subdivided  into  a group  censused  in  the  earlier  years 
(1971-75),  the  intermediate  years  (1974-76),  and  recent  years 
(1975-79).  These  showed  increase  rates  of  +25  percent  (4  sets),  +13 
percent  (6  sets),  and  +15  percent  (15  sets). 

These  two  subtests  are  confounded  because  of  the  prevalence  of 
fixed-wing  censuses  in  the  earlier  years,  and  helicopters  in  the 
later.  Hence  it  is  difficult  to  say  whether  this  apparent 
chronological  trend  is  a function  of  changing  techniques  or  actually 
declining  increase  rates. 

While  helicopter  counts  appear  to  be  more  efficient  at  finding 
animals,  and  a change  from  fixed-wing  to  helicopter  censuses  obviously 
increases  the  number  of  animals  seen,  no  such  change  is  involved  in 
the  25  tests.  They  were  restricted  to  seta  of  fixed-wing-only  or 
helicopter-only  counts.  Hence  the  declining  increase  rates  would 
appear  to  be  attributable  to  other  causes.  At  least  three  factors  are 
conceivable: 


(a)  Increased  counting  skill.  It  seems  possible  that  census ing 
proficiency  increased  in  the  early  years  when  agency  personnel  were 
first  conducting  the  counts.  Hence,  the  higher  apparent  increase 
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rates  of  the  early  years  could  result  from  increasing  census 
efficiency,  herd  growth,  or  both.  Frei  and  others  (1979)  have 
previously  presented  evidence  to  show  that  observers  experienced  in 

horse  census  see  a larger  fraction  of  the  animals  than  inexperienced 
observers. 

Increased  visibility  of  large  herds.  The  herd-size  bias 
discussed  later  in  the  section  on  census  could  be  increasing  the 
proportion  of  horses  seen.  If  the  populations  have  increased,  the 
herd  sizes  may  have  grown  and  their  visibility  increased. 

(g)  Increased  herd  density.  There  may  be  an  actual 
density-dependent  reduction  in  herd  growth.  As  they  increase  and 
begin  to  press  the  limits  of  their  food  resources,  their  reproductive 
and  survival  rates  may  be  ebbing  somewhat. 

All  of  this  is  fraught  with  uncertainties.  There  are  many 
unknowns  about  the  accuracy,  precision,  and  validity  of  the  census 
results.  But  one  might  think  that  more  weight  could  be  given  to  the 
trends  implied  by  the  counts,  which  thereby  would  serve  the  function 
of  indices,  than  the  absolute  accuracy  of  census  values  themselves. 
This  would  acknowledge  that  there  may  be  biases  in  the  counts,  but 
would  assume  that  those  biases  are  relatively  constant. 

However , these  results  and  the  earlier  views  on  rates  of  increase 
contrast  sharply  with  the  findings  of  Nelson  (1979),  Conley  (1979), 
and  Wolfe  (1980) , who  used  a more  deductive,  less  empirical  approach. 
They  calculated  rates  of  horse  population  increase  using  Lotka  method 
and  Leslie  matrix  techniques,  respectively.  These  authors  used 
fecundity  rates  like  those  cited  above,  giving  most  credence  to 
limited,  first  production  of  young  at  3 years  of  age,  and  about  30 
percent  of  all  older  mares  bearing  young  each  year.  They  then 
calculated  the  increase  rates  that  would  occur  from  the  interaction  of 
these  feoindity  rates  with  a range  of  survival  rates. 

Both  authors  found  the  increase  rates  resulting  from  "probable" 
fecundity  and  survival  rates  to  fall  in  a range  well  below  10  percent 
per  year.  Only  with  unrealistically  high  fecundity  rates  in  Wblfe's 
calculations,  and  survival  rates  approaching  100  percent  in  Conley's 
case,  could  annual  increase  rates  well  above  10  percent  be  attained. 
They  concluded  that  rates  of  herd  growth  as  high  as  20  percent  per 
year , like  those  suggested  by  both  agency  personnel  and  a number  of 
authors,  were  beyond  the  biological  capability  of  large,  established 
herds  which  had  assumed  remote  approximations  of  geometric  age 
structures. 

In  a further  effort  to  determine  what  increase  rates  may  be  for 
large  segments  of  the  western  horse  populations,  we  performed 
life~table  calculations  from  the  age— specific  fecundity  and  survival 
schedules  discussed  above.  The  goal  was  to  calculate  r,  the 
instantaneous  rate  of  change,  auid  from  it  x,  the  finite  rate  of 
change.  Calculations  were  performed  as  follows: 
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r ■ (logg  Rq)/T  where  20 

Rq,  the  net  reproductive  rate  » ^ where 

X ■ age 

» probability  of  survival  to  age  x 
nijj  * number  of  female  young  produced  by  a female  of  age  x 

20 

T,  the  mean  generation  length,  ^ ^ lx®x 

X ■ antilog  gT 

Three  sets  of  fecundity  schedules  were  used  in  these  exploratory 
analyses,  in  descending  order  of  fecundity  rates:  (a)  a "maximum" 

schedule  involving  rates  that  seemed,  on  the  basis  of  reports  reviewed 
above,  as  high  as  could  be  expected  from  any  horse  herd,  namely  25 
percent  of  3-year-olds  foaling,  60  percent  of  4-year-olds,  and  80 
percent  of  5-year  and  older  animals;  (b)  the  fecundity  schedule  of 
range-reared  domestics  summarized  in  Table  2.3;  and  the  average  of  the 
seven  wild-hocse  studies  reported  in  Table  2.4.  In  the  latter  case, 
the  13  percent  of  3-year-olds  and  the  66  percent  of  5-year  and  older 
mares  were  used.  But  the  mean  (25  percent)  in  Table  2.4  for 
4-year-olds  was  based  only  on  three  measurements  of  small  numbers  of 
animals,  and  thought  perhaps  to  be  too  low  by  chance.  Hence  a 
50-percent  rate  was  used  for  this  age  class.  These  schedules  would 
seem  to  be  in  the  high  range  for  reported  wild-horse  fecundity,  amd 
higher  tham  that  used  by  Conley  (1979)  in  his  analyses. 

A range  of  survival  rates  was  used  that  appeared  to  fall  in  the 
higher  range  of  values  reviewed  above.  Nine  combinations  of  rates 
were  used  with  each  of  the  three  fecundity  schedules:  (a)  annual 

"adult"  survival  rate  of  1.0  and  first-year  rates  for  foals  of  1.0, 
0.95,  0.90,  0.80;  (b)  annual  "adult"  survival  rate  of  0.95  and 
first-year  rates  of  0.95,  0.90,  0.80;  and  (c)  annual  "adult"  survival 
rate  of  0.90  and  first-year  rates  of  0.90  and  0.80. 

In  total,  finite  increase  rates  (\)  were  calculated  for  27 
combinations  of  fecundity  and  survival  rates  (see  Table  2.12). 

The  results  are  similar  to  those  of  Conley  (1979)  auid  Vfolfe  (1980) 
who  used  similar  rates,  and  like  theirs  must  be  considered  somewhat 
abstract.  The  second  and  third  columns  of  rates  are  based  on  observed 
fecundity  schedules  but,  because  survival  rates  are  imperfectly  known, 
are  based  on  somewhat  hypothetical  or  "for  instance”  survival  rates. 
The  values  also  apply  to  hypothetical  populations  that  have  age 
distributions  resulting  from  the  fecundity  and  survival  rates  used  in 
each  test.  And  finally,  population  students  will  recognize  that  our 
equation  for  r produces  only  an  approximation  of  this  parameter,  with 
the  somewhat  problematic  precision  of  the  fecundity  and  survival  rates 
we  have  used,  we  did  not  engage  in  the  more  time-consuming  iteration 
of  the  r values  in  the  discrete-time  form  of  the  Leonhard  Buler 
equation. 

To  what  extent  do  these  rates  simulate  increase  rates  of 
real-world  herds?  They  do  so  to  the  extent  that  the  fecundity  and 
survival  rates  in  real  herds  are  similar  to  those  in  Table  2.12,  and 
age  structures  in  the  herds  approximate  the  exponential  series 
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TABLE  2.12  Annual  Finite  Rates  of  Population  Increase  (X)  Possible 
Under  Differing  Rates  of  Fecundity  and  Survival 

Annual  Survival  Rates 

Annual  X Values 

by  Fecundity 

Rates^ 

1 Yr . + Foal 

Max.  ^ 
Fecund . 

_ 3 

Range 

Dora. 

This‘S 

Study 

1.0  1.0 

1.17 

1.16 

1.16 

.95 

1.17 

1.15 

1.15 

.90 

1.16 

1.14 

1.14 

• 

OO 

o 

1.15 

1.13 

1.13 

.95  .95 

1.13 

1.11 

1.11 

. 90 

1.09 

1.07 

1.07 

o 

00 

• 

1.00 

.96 

. 97 

.90  .90 

1.09 

1.06 

1.06 

.30 

.99 

. 96 

. 35 

^These  are  the  multiples  by  which  the  population  would  increase  each  year 
To  change  them  to  annual  percentage  increase,  subtract  1.0  and  multiply 
the  remainder  by  100. 


2 

25  percent  of  3-year-old  mares  foaling,  60  percent  of  4-year-olds,  and 
80  percent  of  5-yeeur-olds  and  older. 

^Fecundity  rates  of  range-reared  domestics  shown  in  Table  2.3. 

4 

Uie  3-year  and  5+  averages  shown  in  Table  2.4.  A 50  percent  rate  was 
used  for  4-year-olds. 


O 


69 


t*roduced  by  those  rates.  As  we  have  said,  the  fecundity  schedules  are 
approximately  those  of  the  herd  reported  by  Speelman  and  others 
(1944),  the  averages  of  seven  wild-horse  studies,  and  a hypothetically 
high  set.  We  have  reviewed  the  available  data  on  herd  survival  rates 
above,  and  the  range  of  values  shown  in  Table  2.12  would  appear  to 
represent  the  higher,  more  conservative  rates.  The  age  distributions 
in  Tables  2.6  and  2.7,  and  those  reported  in  Table  2.8,  while  not 
exactly  smooth,  geometric  series  and  subject  to  the  foal  and  yearling 
biases,  still  constitute  shrinking  frequency  distributions  that 
crudely  resemble  exponential  or  geometric  series. 

If  one  were  to  select  the  fecundity  and  survival  rates  that  seem 
to  be  indicated  by  the  field  data  on  wild  horses  discussed  above  and 
general  experience  with  wild  animal  populations,  one  would  probably 
select  the  right-hand  fecundity  schedule  in  Table  2.12.  All  studied 
herds  have  been  found  to  experience  some  mortality,  and  a 0.95 
survival  rate  for  the  older  animals  and  0.9  or  0.8  for  foals  would 
seem  justified,  if  not  conservative,  from  the  available  studies. 

Yet  these  combinations  produce  increase  rates  well  below  10 
percent  (x  ^ i.io)  per  year,  and  considerably  below  the  rates 
implied  by  the  censuses.  Rates  similar  to  those  indicated  by  the 
censuses  are  produced  only  in  Table  2.12  combinations  of  virtually  no 
mortality.  A 20  percent  per  year  increase  rate  requires  that  no 
mortality  occur,  and  that  half  of  the  3-year-olds  and  100  percent  of  . 
mares  4 years  and  older  produce  young  each  year.  Since  even  domestic 
herds  sustain  some  mortality  and  less  than  100  percent  fecundity,  it 
is  difficult  to  reconcile  the  differences  between  the  Table  2.12 
results  and  the  census  rates. 

In  general,  wild  horses  have  rather  conservative  demography  by  the 
standards  of  most  mammalian  species.  This  conservatism  is  imposed  by 
the  following  characteristics;  only  one  foal  is  normally  borne;  not 
all  "mature"  females  produce  one  foal  each  year;  and  the  age  of  sexual 
maturity  is  delayed,  with  only  a small  fraction  of  3-year -olds  bearing 
young  amd  the  4-year-olds  being  the  first  effective  breeding  age. 

Since  some  young  are  produced  each  year,  any  herd  that  has  been  in 
existence  for  4 years  or  mote  will  have  foal,  yearling,  and  2-year-old 
components,  which  are  included  in  the  total  from  which  herd  increase 
rates  are  calculated,  but  which  contribute  nothing  to  the  immediate 
increase.  As  Tables  2.6  and  2.7  have  shown,  these  become  sizeable 
components  of  wild  herds.  In  particular,  the  late  maturity  date  is  a 
strong  determinant  of  the  increase  rate,  as  Cole  (1954)  has  shown. 

And  Conley's  (1979)  calculations  that  the  reproductive  output  of 
females  older  them  11  years  of  age  is  aui  insignificant  contribution  to 
the  increase  rate  also  match  with  Cole's  findings. 

We  are  not  able  at  this  stage  to  explain  the  difference  between 
the  herd  increase  rates  predicted  in  Table  2.12,  and  in  Conley's 
(1979)  and  Wolfe's  (1980)  projections  on  the  one  hand,  and  those 
implied  by  the  censuses  on  the  other.  The  problem  will  only  be 
resolved  by  more  intensive  research  both  on  horse  demography  and  the 
census  methods.  But  it  needs  resolution  because  it  bears  on  several 
important  management  issues. 
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One  such  issue  is  the  size  of  the  1971  horse  population.  Some 
observers  have  been  advocating  that  horse  herds  be  reduced  to  the 
levels  that  prevailed  in  the  year  when  the  Wild  and  Free-roaming  Horse 
and  Burro  Act  was  passed.  That  population  size  could  be  approximated 
by  projecting  backward  from  a known  1979  population,  using  the 
appropriate  rate  of  population  increase.  The  BLM  has  been  reporting 
that  wild  horses  in  the  western  United  States  increased  from  a total 
of  about  17,000  animals  in  1971  to  a total  of  58,000  in  1978  or  1979. 
Projecting  backwards  from  a 1979  population  of  58,000  horses  with  an 
annual  increase  rate  of  16  percent  produces  a 1971  population  of 
17,116.  If  the  more  conservative  increase  rate  of  15  percent  derived 
from  recent,  helicopter  counts  is  used,  the  1971  population  would  have 
been  18,960.  If  the  1979  census  is  conservative,  as  it  is  likely  to 
be  to  an  unknown  degree,  the  1971  projections  are  similarly 
conservative. 

But  if  an  annual  increase  rate  of  7 percent  is  more  realistic, 
then  the  1971  population  was  something  approaching  twice  that 
projected  by  a 16  percent  increase  rate.  Ryden  (1978; 295)  has  already 
suggested  that  the  1971  population  estimates  may  be  conservative. 

A second  way  in  which  increase  rates  are  relevant  to  management  is 
the  rates  at  which  herds  must  be  reduced  in  order  to  maintain  them  at 
decided-upon  levels.  If  a policy  decision  determines  that  a given 
herd  must  be  maintained  at  some  specified  level  by  removing  the  annual 
increment,  the  number  of  animals  to  be  removed  annually  and  the 
associated  cost  will  obviously  be  very  different  depending  on  whether 
the  herd  increases  by  7 percent  or  16  percent  each  year . 

We  conclude  that  research  on  both  demography  and  census  are  needed 
to  resolve  this  question.  In  the  case  of  demographic  studies,  data  on 
reproductive  rates  can  be  obtained  quite  readily  as  indicated  below. 
Determining  survival  rates  will  be  more  expensive  and  will  require 
more  time. 


Feral  Asses 

As  with  horses,  there  is  abundant  information  on  the  demographic 
characteristics  of  domestic  donkeys.  But  the  evidence  on  wild  herds 
is  more  fragmentary  than  that  on  wild  horses  and  considerably  less 
exists  than  is  needed  to  develop  firm  generalizations  on  their 
demography.  Most  of  the  information  on  wild  populations  is  based  on 
studies  in  six  areas.  While  thorough  and  intensive,  these  have 
necessarily  dealt  with  small  numbers  (in  most  of  the  cases,  less  than 
200  animals),  and  for  short  periods  of  1 to  3 years.  This  data 
shortage  is  all  the  more  tantalizing  in  light  of  intriguing  hints  of 
fundamental  differences  between  burro  and  horse  demography  which,  if 
real,  may  reflect  the  different  ecogeographic  origins  of  these  two 
species. 
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(1)  Fecundity; 

(a)  Age  at  first  female  breeding.  Burro  mares  commonly  begin 
sexual  activity  at  about  1 year  of  age.  Moehlraan  (1974)  observed 
sexual  activities  in  jennies  at  11  months  of  age  in  Death  Valley,  as 
did  Woodward  (1976)  at  10  to  12  months  in  the  Cheraehuevi  Mountains  of 
California,  and  Morgart  (1978)  at  1.5  years  in  Bandelier  National 
Monument,  New  Mexico.  Since  gestation  is  approximately  a year,  as  in 
the  horse,  the  potential  age  of  first  foaling  is  between  2 and  2.5 
years,  1 year  younger  than  that  in  wild  horses;  and  this  potential  has 
been  realized  to  some  degree  in  most  cases  so  far  studied. 

Although  Moehlman  (1974)  found  typical  age  of  first  foaling  to  be 
3.5  to  4 years  during  her  study  in  Death  Valley — a situation  once 
again  similar  to  the  horse-other  authors  have  observed  jennies 
foaling  at  2 years  of  age.  Woodward  (1976)  considered  2 years  (N  » 4) 
to  be  the  first  age  of  foaling  in  a young  population  where  75  percent 
of  a sample  of  20  "adult-sized"  animals  were  3 years  old  or  younger. 
Douglas  and  Norment  (1977)  found  one  jenny  foaling  at  less  than  3 
years  of  age  in  Death  Valley.  In  Seegmiller's  study  (in  litt.),  a 
female  that  had  been  captured  and  aged  5 months  earlier  was  seen  with 
a newborn  foal  when  she  was  about  25  months  old.  Ruffner  and 
Carothers  (1977)  found  "reproductively  active"  (pregnant  or  lactating) 
jennies  between  1 and  2 years  of  age.  And  among  666  burros  rounded  up 
on  the  BLM  Phoenix  District,  which  we  will  detail  later  (Table  2.16) , 

8 of  81  jennies  judged  to  be  2 years  old  were  followed  by  foals. 

Since  a third  of  the  foals  in  the  herd  had  become  separated  from  their 
dams,  and  foals  were  underrepresented  in  the  sample,  it  is  possible 
that  more  of  the  81  2-year-olds  had  borne  young. 

(b)  Age-specific  and  herd  fecundity.  Shorter  periods  of  study, 
smaller  samples,  and  failure  of  most  studies  to  subdivide  the  mares 
into  as  many  age  classes  as  have  the  horse  investigators  make  the 
discernment  of  age-specific  fecundity  schedules  in  burros  more 
difficult.  But  further  analysis  of  the  different  authors'  data 
permits  a fragmentary  and  tentative  picture: 

(i)  Moehlman  (1974:56-58)  found  no  foaling  by  2-year-olds,  as 

mentioned  above.  Only  in  the  third  year  of  her  study  (1972) , and  that 
a partial  year,  did  she  observe  foaling  by  3-year-olds  (two  jennies). 
In  1970,  63  percent  of  "adult"  (i.e.,  4-year-olds  and  older)  jennies 
bore  young,  in  1971,  this  percentage  dropped  to  47,  and  when  2-  and 
3-year-olds  were  included,  the  percentage  was  41.  While  fragmentary, 
these  results  suggest  the  same  pattern  we  observed  in  horses:  an 

increase  in  fecundity  as  mares  advance  through  the  early  age  classes . 
Thus,  Moehlman  found  no  foaling  in  2-year-olds,  limited  reproduction 
in  3-year -olds,  and  somewhere  around  half  of  4-year -olds  and  older 
mares  bearing  foals. 

(ii)  Woodward  (1976:42)  observed  14  jennies  of  "coltbearing  age" 
(2  years  old  and  older) , of  which  79  percent  were  accompanied  by  foals 
in  the  Chemehuevi  Mountains  (California)  population  she  studied. 
Elsewhere,  she  generalized  that  jennies  produced  foals  on  the  average 
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of  every  16.2  months,  and  this  produced  an  annual  natality  rate  of  75 
percent  foaling  (WCodward  1979b). 

(iii)  Douglass  and  Norment  (1977:30)  concluded  that  56.3  percent 
of  females  foaled  in  the  12-raonth  period  1 November  1975  to  31  October 
1976  in  the  Wildrose-Emigrant  population  of  Death  Valley.  Since  he 
observed  one  mare  foaling  before  3 years  of  age,  we  assume  the  rate 
applies  to  all  2-year-olds  and  older  females.  In  a radio-collared 
sample  of  10  females  in  1976,  9 (90  percent)  foaled. 

(iv)  Morgart  (1978:33)  reported  77  percent  of  the  "adult" 
females  on  his  study  area  bearing  foals.  Since  23  young  were  dropped 
(p.  29)  this  implies  a sample  of  30  jennies.  Since  three  2-year-olds 
foaled,  we  assume  the  term  "adult"  applies  to  2-year-old  and  older 
females.  Of  a sample  of  11  "potentially  reproductive"  marked  females, 
8 (73  percent)  foaled  in  1975. 

(V)  Seegmiller  (1977:24)  reported  an  "adult"  (2  years+) 
population  of  58  burros  on  his  study  area  in  the  Bill  Williams 
Mountains  of  western  Arizona.  Since  57  percent  of  these  were  females, 
the  "adult"  jenny  population  was  33.  While  he  studied  the  population 
for  14  months  and  20  foals  were  born  in  the  period,  16  were  born  in 
the  12-raonth  period  June  1974  through  May  1975.  Hence  the  1-year 
natality  rate  was  16/33  x 100  » 48  percent  for  2-year-olds  and  older 
jennies. 

Seegmiller  did  not  age  all  of,  or  determine  the  number  of, 
2-year-olds  in  the  population.  But  he  did  ascertain  the  yearling 
population  at  about  15.  If  we  make  some  allowance  for  mortality  and 
herd  growth,  there  could  have  been  abut  10  or  12  2-year-olds.  Hence, 
the  three  2-year-olds  producing  foals  probably  constituted  a material 
fraction  of  that  age  class. 

(Vi)  McCort  (1980:24)  reported  a 1975  population  of  27 
2-year-old  and  older  female  burros  on  Ossabaw  Island  (Georgia) . 

Between  May  1975  and  May  1976,  these  animals  bore  16  foals.  Hence  the 
natality  rate  was  16/27  X 100  » 59  percent  for  the  year. 

(vii)  The  81  2-year-old  jennies  accompained  by  3 foals  in  the  BLM 
roundup  data  cited  above  suggest  a minimum  of  10  percent  foaling  in 
that  age  class  of  that  Arizona  population.  Since  some  mortality 
between  birth  and  the  roundup  may  have  occurred,  and  since  some  of  the 
unaccompanied  foals  may  have  been  borne  by  the  2-year-olds,  the 
percentage  is  conservative  in  all  probability. 

(viii)  Ruffner  and  Carothers  (1977)  reported  39  percent  and  78 
percent  of  the  jennies  collected  from  two  Grand  Canyon  herds  to  be 
"reproductively  active,"  a term  that  implies  pregnant  and/or 
lactating.  This  manner  of  reporting  the  data  does  not  provide  a clear 
estimate  of  annual  fecundity  rates  because  it  lumps  the  present  year's 
live  foals  with  the  fetuses  in  utero.  Using  their  data,  we  have  been 
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able  to  calculate  the  range  of  possible  pregnancy  rates  in  these  herds 
as  follows,  first  for  Bedrock  Canyon. 

(1)  Nine  females  were  collected  at  Bedrock  Canyon, 
although  the  ages  are  not  given. 

(2)  Eight  of  these  (89  percent)  were  pregnant  or 
lactating,  indicating  that  they  were  at  least  1 year  old. 

(3)  Six  embryos  were  recovered  from  them. 

(4)  If  all  nine  females  were  yearlings  and  older,  the 
pregnancy  rate  was  6/9  X 100  ■ 67  percent. 

(5)  If  only  the  eight  were  yearlings  and  older,  the 
pregnancy  rate  was  6/8  X 100  » 75  percent. 

For  the  Lower  Canyon  Herd: 

(1)  Twenty-two  females  were  collected,  age  not  given. 

(2)  Of  these,  16  (73  percent)  were  pregnant  or 
lactating,  and  hence  were  the  minimum  number  of  y-ear lings  and 
older . 

(3)  Fourteen  embryos  were  recovered  from  them. 

(4)  If  all  22  females  were  yearlings  and  older,  the 
pregnancy  rate  was  14/22  X 100  • 64  percent. 

(5)  If  only  the  16  were  yearlings  and  older,  the 
pregnancy  rate  was  14/16  X 100  « 88  percent. 

Since  some  prenatal  loss  in  the  form  of  resorption  and/or  abortion 
is  possible,  these  percentages  Ccuinot  necessarily  be  taken  as  natality 
rates.  Furthermore,  whatever  natality  rates  they  do  imply  cannot  be 
ascribed  to  any  given  age  group  in  the  population  except  that,  at  the 
birth  of  the  foals,  they  would  be  the  2-year-olds  and  older  animals  of 
the  population. 

The  above  fecundity  estimates,  except  for  those  of  Ruffner  and 
Carothers,  are  summarized  in  Table  2.13.  While  they  are  disjunct  auid 
based  on  small  samples,  some  tentative  generalizations  can  be  explored. 

The  first  is  the  clear  indication  that  some  fraction  of 
2 -year-olds  foal  in  most  populations  so  far  studied.  Thus,  wild  asses 
begin  bearing  foals  a year  younger  than  do  wild  horses.  The  BLM  data 
and  speculative  analyses  on  Morgart's  results  suggest  that  the 
fraction  of  2-year-old  jennies  foaling  may  be  of  a magnitude  similar 
to  that  in  3-year -old  wild  mares  (Table  2.4). 

There  is  some  evidence  that  the  percentage  of  jennies  foaling 
increases  in  each  age  class  between  the  2-  and  4-year  olds.  It  seems 
reasonable  to  suspect  that  this  is  part  of  an  age-specific  increase  in 
fecundity  up  to  some  optimum  age  class  or  range,  as  discussed  above 
for  horses. 

Although  the  data  are  too  few  to  compare  fecundity  rates  of  the 
older  age  classes  in  burros  and  horses,  the  net  effect  of  the  earlier 
burro  reproduction  appears  to  result  in  higher  rates  in  two  or  more  of 
the  younger  age  classes.  This  can  be  seen  by  comparing  the  means  from 
Table  2.4  and  2.13  in  Table  2.14. 


TABLE  2.13  Age-Specific  and  Herd  Percentages  of  Jennies  Bearing  Foals  in  Seven  Wild  Ass  Herds 
(See  text  for  discussion  of  each  and  derivation  of  statistics.) 


Source 

Location 
and  Year 

% ( and  No . ) 
2Y0 

of  Mares  Foaling  by 
2Y0+  3Y0+ 

Age  Class 
4Y0  + 

Moehlman  (1974) 

Death  Valley,  Calif. 
1970 

0 

63 

1971 

0 

'll 

4 7 

Woodward  (1976) 

So.  Calif.  197*1 

- 

79(14) 

Douglas  & Norment  (1977) 

Death  Valley,  Calif. 

1976 

_ 

57(42) 

Morgart  (1978) 

No.  New  Mexico,  1975 

- 

77(30) 

_ 

Seegmiller  (1977) 

W.  Arizona,  197*1-75 

- 

48(33) 

McCort  (1980) 

Georgia,  1975 

- 

59(27) 

BLM 

Arizona,  1979 

10(81) 

- 

- 

Unweighted  Means 

10 

60 

55 

O 


e 


o 
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Table  2.14. 

Comparison  of  Annual  Age-Specific  Fecundity 
Asses  and  Wild  Horses. 

Rates  in 

Wild 

Annual  Percentage  Foaling  By  Age 

Class  ^ 

Species 

2YO 

2YO+  3YO  3Y0+ 

4YO 

4YO+ 

5YO+ 

Horses  0 

Burros  10 

13  54 

60  ( 560)^  (:«0)^ 

(50)^ 

(>60)^ 

61 

(^0)“^ 

66 

( 560)2 

^Nonpar enthetical  percentages  are  from  Tables  2.4  and  2.13. 


^The  25  percent  obtained  for  this  age  class  (Table  2.4)  was  based  on 
3 years'  data  from  a single  study  and  seems  low  as  an  average  for  wild 
horses.  The  50  percent  is  a speculative  value  which  seems  more  likely. 

3 If  60  percent  of  2-year-olds  and  older  jennies  bear  young  on  the 
average,  and  2-year-olds  bear  at  a markedly  lower  rate,  then  the 
proportion  of  3-year-olds  bearing  should  be  greater  than  60.  The 
value  may  increase  progressively  through  each  age  class  if  there  is  a 
progressive  rise  in  fecundity  with  each  advancing  year. 

Since  Moehlman's  herd  was  demonstrably  less  fecund  than  the  other 
heras  studied,  we  have  used  this  value  as  more  nearly  approaching  a 
norm  for  the  species  than  the  55  percent  shown  in  Table  2.4. 


This  comparison  suggests  that  fecundity  rates,  at  least  in  age 
classes  2 through  4,  may  be  higher  in  burros  than  in  horses.  The  age 
structure  of  those  portions  of  the  herds  that  are  2-year-olds  and 
older  appear  similar  in  horses  and  burros,  as  we  will  see  shortly. 
Unless  the  foaling  rates  of  5-year-old  and  older  jennies  are  lower 
than  that  of  mares,  the  comparison  in  Table  2.14  implies  that  total 
herd  fecundity  in  burros  tends  to  be  higher  than  that  of  wild  horses , 
on  the  average. 

(c)  Foaling  season.  In  one  study  of  captive  donkey  mares,  Kohli 
and  Suri  (1957)  kept  records  on  the  outcome  of  1,192  services  by  jacks 
occurring  throughout  the  year.  They  found  no  statistically 
significant  variation  in  fertility  rates,  the  monthly  values  varying 
between  42.5  and  51.3  percent  pregnancy  from  the  services. 

Feral  asses  in  some  populations  similarly  reproduce  year-round,  as 
reported  by  Moehlman  (1974) , woodward  (1976)  for  the  Chemehuevi 
Mountains  in  southeastern  California,  Seegmiller  (1977)  for  the  Bill 
Williams  Mountains  in  western  Arizona,  and  McCort  (1980)  for  Ossabaw 
Island,  Georgia  (Table  2.15).  However,  a degree  of  seasonality  has 
evolved  in  some  populations.  Thus  Moehlman  found  most  foals  born  in 
May,  June,  and  July.  Ruffner  and  Carothers  (1977)  reported  nearly  all 
foaling  in  the  5-month  period  March  to  July,  with  one  fetus  projected 
to  a November  birth. 
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TABLE  2.15  Monthly  Distribution  of  Foals  Bom  in  Two  Studies  of  Burro  Herds 


Month 

Percent  Foals 

3orn  by  Location 

and  Source 

Georgia 

(McCort'‘l980) 

Death  Valley  , 
(Moehlman  197  4 )'^ 

Grand  Canyon 
(Ruffner  S 
Carothers 
1977) 

January 

21 

4 

0 

February 

0 

1 

0 

March 

7 

1 

40 

April 

7 

7 

25 

May 

14 

15 

0 

June 

7 

19 

20 

July 

7 

25 

10 

August 

0 

6 

G 

September 

21 

6 

0 

October 

7 

7 

0 

November 

7 

3 

5 

December 

0 

3 

0 

No.  in  Samples  14 

63 

20  . 

^Combined 

totals  for  1970  and 

1971. 

o 
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Morgart  (1978)  reported  that  all  births  occurred  between  June  and 
November  during  his  period  of  observation  on  Bandieler  National 
Monument,  New  Mexico.  But  he  did  not  begin  those  observations  until 
May  20,  1978.  Ohmart  and  Bicknell  (1975)  had  collected  15  jennies  in 
Bandelier  in  February  of  that  same  year,  and  among  the  pregnant  ones 
they  found  fetuses  ranging  in  age  from  90  days  to  near  term.  They 
concluded  that  colts  were  dropped  "at  any  time  of  year"  in  the  area. 

(2)  Age  Composition.  We  have  obtained  information  from  BLM  files 
on  burro  roundups  in  the  Phoenix,  Arizona  District.  This  has  provided 
age-composition  data  on  burro  populations  similar  to  that  on  wild 
horses  reviewed  in  Table  2.7,  and  is  shown  in  Table  2.16.  These  data 
show  fewer  foals  and  yearlings  than  2-year-olds,  a pattern  also 
evident  in  the  horse  data.  We  attributed  the  latter  to  sampling  bias, 
and  are  inclined  to  assume  the  same  for  the  burros. 

Beyond  the  irregularity,  the  burro  age  distribution  is  similar  to 
that  of  horses  in  having  a predominance  of  animals  in  the  younger  age 
classes  and  a progressive  decline  in  each  older  group.  The  trend  is 
not  perfectly  smooth,  due  no  doubt  in  large  measure  to  seunpling 
error.  But  the  general  trend  is  clear.  And  once  again,  a large 
fraction  of  the  population  is  concentrated  in  the  young  age  groups 
that  bear  few  or  no  foals:  over  40  percent  of  jennies  are  in  the 

foal,  yearling,  and  2-year-old  classes. 


Table 

2.16. 

Age  Composition 
BLM  District  in 

of  Feral  Asses 
1979 

Rounded 

up  in  the 

Phoenix 

Males 

Females 

Males 

Females 

Age 

No. 

% 

No. 

% 

Age 

No. 

% 

No. 

% 

0 

50 

19.3 

51 

12.5 

11 

2 

0.3 

4 

1.0 

1 

34 

13.1 

38 

9.3 

12 

9 

3.5 

10 

2.4 

2 

53 

20.5 

81 

19.8 

13 

1 

0.4 

3 

0.7 

3 

23 

10.8 

44 

10.8 

14 

1 

0.4 

1 

0.2 

4 

23 

3.9 

34 

8.3 

15 

4 

1.5 

4 

1.0 

5 

16 

6.2 

38 

9.3 

16 

0 

0 

1 

0.2 

6 

11 

4.3 

33 

8.1 

17 

0 

0 

0 

0 

7 

13 

5.0 

27 

6.6 

18 

1 

0.4 

0 

0 

3 

4 

1.5 

15 

3.7 

19 

0 

0 

0 

0 

9 

2 

0.3 

7 

1.7 

20 

1 

0.4 

4 

1.0 

10 

4 

1.5 

14 

3.4 

Some  additional  information  on  age  composition  can  be  obtained  by 
summarizing  published  data  from  the  various  studies  (Table  2.17) . 

While  these  are  generally  subdivided  into  only  three  age  classes,  they 
give  some  insight  not  only  into  age  composition,  but  also  into  herd 
dynamics  as  we  discussed  above  for  horses.  We  have  listed  separately 
the  foals-at-birth  percentages  and  the  percentages  of  the  late-summer 
or  fall  populations  accounted  for  by  foals,  as  we  did  with  horses 


TAfilJ:!  2.17  Ay«  Coo^tiition  at  Wild  Burro  Herdu 


Source 


Percent  An  Each  A«jo  Cld»M  

Location  end  Veer  lAli^  FS/F^  Vrly.  2YO  3YO  4YO*^  Totel  iieiii|ile 


Muuhluuin  11974) 

Death  Valley 

1970 

22 

11 

1 64 

1 

174 

1971 

14 

14 

• 67 

, 

202 

WucKludid  (1976) 

S.i:.  Calif. 

1974 

21 

- 

91 

SaaijBilllat  (1977) 

W.  Arizona 

1974 

19 

19 

1 62 

1 

99-92 

Huryart  (1979) 

N.  Maw  Maxlco 

1976 

22 

21 

1 57 

• 

90-100 

Pouyltts  t Noiwunt  (1977) 

OadUi  Vdllay 

1975* 

15 

6 

• 79 

4 

66 

1976* 

15 

5 

I— 90 

' 

102 

Duffner  6 Cdrotltarg  (1977) 

Craiid  Canyon 

1976^ 

11 

17 

I 72 

4 

19 

1976* 

9 

11 

1 70 

( 

45 

Wdlliar  fc  uhaidrt  (197B) 

bake  Havasu 

Ariz.'Cdlif . 

1976* 

21 

7 

t 70 

269 

McCort  (19U0) 

Gaorgld 

1975 

14 

12 

» 74 

i 

71 

Mil  la  (1990) 

Uadtl)  Vdllay 

1979* 

15 

10 

» 75 

1 

774 

1979* 

19 

4 

1 79 

1 

176 

HbM 

Ari zona 

1979® 

15 

11 

t 76 

1 

666 

00 


linweiylited  Heane 


1^.7  16.0  11. 5 


71.1 


^NumLer  of  fuele  born  ea  fjcrcenteye  of  tutel  herd. 

Nujiitier  of  foeltf  In  lete  ttiuioiiei  or  fell  populeLiuns  ea  liurcenteye  of  total  herd. 
jl>cLolier  i^ercentdijutt  froot  UiuyUa  end  Nonient  (1977),  Table  1. 

^Bedrock  Canyon  Herd. 

^Luwur  Canyon  Herd. 

^Se|it ember -lloveiiiber  counts. 

'Augitst-Uoveuber  counts . 

^Frou  Table  2.16  of  this  report. 


o 


o 


o 
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(Table  2.3).  The  rationale  for  this  separation,  and  the  meaning  of 
differences  between  the  two  sets  of  values,  were  discussed  acove. 

The  means  for  both  sets  of  burro  values  are  higher  than  the 
analogous  means  for  horses,  as  would  be  expected  of  a species  with  a 
higher  reproductive  rate,  although  the  differences  are  not 
statistically  significant.  But  4 of  14  individual  burro  values  exceed 
20  percent,  while  only  1 of  14  horse  values  does  so. 

The  burro  means  are  not  statistically  greater  than  the  horse 
means,  at  least  in  part  because  of  the  greater  variability  in  the 
burro  values.  Thus,  the  late-summer/fall  values  for  the  latter  range 
between  9 and  23 , those  for  horses  between  13  and  19 . The  respective 
coefficients  of  variation  are  26.8  and  15.6  percent.  This  variation 
is  probably  the  result  of  between-year  and  between-area  variation  in 
natality  or  foal  survival,  or  both. 

(3 ) Survival.  As  with  the  horse  data,  survival  information  on 
burros  is  considered  in  terms  of  first-year  survival  and  survival  of 
older  animals. 

(a)  First-year  survival.  There  is  evidence  from  field 
observations  that  survival  rates  are  quite  variable  in  burro  foals. 
Thus,  Carothers  (1976)  observed  the  high  rate  of  "reproductively 
active"  (pregnant  or  lactating)  females  in  two  areas  of  Grand  Canyon 
described  above,  but  found  very  few  foals  in  the  same  areas  during  the 
months  of  July,  August,  and  September.  He  suspected  that  this  might 
be  due  to  high  pre-  or  postpartum  mortality. 

More  specifically,  the  data  or  Ruffner  and  Carothers  (1977)  showed 
39  percent  of  "all  females"  (N  * 9)  pregnant  or  lactating  in  tne 
Bedrock  Canyon  herd.  With  six  embryos  found  on  autopsy,  this  is  a 67 
percent  pregnancy  rate  for  all  females  irrespective  of  age.  Yet  this 
herd  only  had  two  foals  (11  percent  of  18  animals) . In  the  Lower 
Canyon  herd,  73  percent  of  22  females  were  pregnant  or  lactating  and 
carried  14  embryos  (64  percent  pregnancy) . This  sample  contained  4 
foals  (9  percent  of  the  45  animals  saunpled) . 

Moehlman  (1974)  observed  three  pregnant  jennies  during  her  study 
of  the  Wildrose-Emigrant  Canyon  population  in  Death  Valley.  These 
animals  were  not  accompained  by  foals  at  a later  date,  suggesting  that 
they  had  aborted  or  lost  their  young.  She  counted  the  number  of  foals 
and  yearlings  each  year  in  her  population  between  1970  and  1972.  This 
allows  first-year  survival  estimates  based  on  the  shrinkage  of  two 
cohorts.  These  results  are  as  follows: 


Year : 

Foals : 

Yearlings: 
Implied  survival 


(yrlg./foal) 


Three  years  after  Moehlman *s  study,  Douglas  and  Norment  (1977) 
observed  high  foaling  rates  in  the  same  population.  The  large 
discrepancy  that  they  observed  (Table  2.17)  between  the  percentages  of 
foals  in  the  population  and  the  percentages  of  yearlings  could  reflect 
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the  foal  mortality  that  they  suggested  was  occurring.  White  (1980) 
calculated  a first-year  survival  rate  of  0.66  between  1977  and  1978 
for  the  Butte  Valley  population  in  Death  Valley. 

Dead  foals  are  occasionally  found.  National  Park  Service  (NPS) 
officials  found  a live  foal  being  fed  upon  by  coyotes  in  Death  Valley 
and  gave  it  to  Moehlman  (1974).  Norment.and  Douglas  found  two  at 
Death  Valley  in  a little  over  a year's  observations,  and  Norment 
(Norment  and  Douglas  1977)  found  a still-born  fetus  along  the  Colorado 
River  in  Grand  Canyon. 

In  contrast  to  the  above  findings,  Ohmart  and  others  (1975)  and 
Seegmiller  (1977)  found  no  evidence  of  foal  mortality  in  Arizona,  nor 
did  Morgart  (1978)  in  the  Bandelier  Monument  herd. 

In  sum,  these  varied  sources  of  evidence  suggested  that  foal 
mortality  in  burros  may  vary  between  areas  from  very  low  rates  (Ohmart 
and  others  1975,  Seegmiller  1977),  Morgart  1978),  through  the  moderate 
ones  calculated  from  Moehlman 's  (1974)  data,  to  the  high  ones  implied 
by  Douglas  and  Norment 's  (1977)  Death  Valley  yearling'  percentages  and 
Carother's  (1978)  observations  in  Grand  Canyon.  The  great  range  of 
yearling  percentages  in  Table  2.17  further  suggests  this  variability, 
with  a 44  percent  coefficient  of  variation  about  the  mean  yearling 
percentage  being  more  than  half  again  as  large  as  the  coefficient  for 
the  foal  percentage.  Year-to-year  variation  within  areas  probably 
adds  further  to  the  variability. 

(fa)  Yearling  and  older  survival.  We  attempted  preliminary 
estimates  of  survival  rates  in  the  2-year -old  and  older  animals  in 
Table  2.16  by  regressing  logarithms  of  the  number  of  animals  in  each 
age  class  on  age,  as  we  did  above  with  horses.  (We  did  not  extend  the 
regression  through  the  yearlings  because  of  the  apparent  sampling  bias 
against  their  numbers.)  The  calculated  finite,  annual  survival  cates 
are  0.78  for  jennies,  0.70  for  jacks.  If  the  population  was 
increasing  at  the  time  of  the  roundup,  these  rates  underestimate  the 
true  population  values,  as  discussed  above.  The  slopes  for  the  two 
sexes  are  not  statistically  different,  and  are  roughly  comparable  with 
those  calculated  above  for  horses. 

Very  little  adult  mortality  has  been  observed  by  any 
investigators.  Both  Moehlman  (1974)  and  Douglas  and  Norment  (1977) 
saw  only  occasional  dead  animals.  The  latter  authors  observed  four 
natural  deaths  out  of  a population  of  86  2— year— olds  and  older  animals 
in  a little  more  than  a year's  observations,  an  observed  loss  of  about 
5 percent.  One  of  the  deaths  was  a jenny  that  died  foaling. 

Seegmiller  (1977)  saw  only  one  natural  death  of  older  animals  in  the 
Bill  Williams  herd,  although  he  saw  11  carcasses  of  animals  which 
apparently  had  been  shot.  Most  authors  agree  that  predatory  loss  is 
almost  nonexistent. 

These  varied  sources  suggest  that  adult  mortality  has  beeen  light 
in  all  of  the  areas  in  which  it  has  been  studied. 

(^ ) Sex  Composition.  The  studies  reporting  sex  composition  do 
not  present  a consistent  picture.  Woodward  (1976),  Douglas  and 
Norment  (1977) , G.  A.  Ruffner  (as  cited  in  Douglas  and  Norment  1977) , 
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and  Walker  and  Ohmart  (1978)  all  report  appreciable  excesses  of  males 
ranging  from  53  percent  (Ruffner)  to  68  percent  (Douglas  and  Norment) . 
Woodward  also  concluded  that  jacks  survive  longer  than  jennies. 

To  the  contrary,  Seegmiller  (1977)  reported  46  percent  males  in 
the  Bill  Williams  herd  while  Morgart  (1978)  reported  43  percent  in 
Bandelier  Monument.  And  the  percentage  of  males  in  the  Phoenix 
District  roundup  is  39  (Table  2.16)  . This  preponderance  of  females 
also  parallels  the  sex  composition  in  horses  discussed  above. 
Furthermore  there  is  a suggestion  (Table  2.18)  of  the  same 
age-specific  changes  in  sex  ratios  that  were  observed  in  the  horse 
(Table  2.10):  a balanced  ratio  at  birth,  increasing  distortion  toward 

females  in  early  and  mid-life,  and  a partial  restoration  of  balance  in 
the  older  ages. 

Table  2.18.  Age-Specific  Sex  Ratios  in  Burros  Rounded  Up  in  the  BLM 
Phoenix  District,  1979.^ 


Age 

Foals 

1-3 

4-6 

7-10 

11-20 

% Males  + 0.025  C.L. 

50+10 

41+6 

33+7 

27+9 

41+15 

Sample  Size 

101 

278 

157 

36 

46 

•Data  from  Table  2.16. 


Whether  these  sex-ratio  discrepancies  reflect  real  differences 
between  populations  or  sampling  bias  is  not  known.  Douglas  and 
Norment  (1977)  suggest  that  there  may  be  a tendency  to  see  males  more 
readily  when  they  display  partially  turgid  penises  or  announce  their 
presence  by  braying. 

(5)  Population  Trend.  Because  the  demographic  parameters  we  have 
been  reviewing  are  both  more  variable  and  less  precisely  known  than 
those  for  horses  analyzed  above,  life-table  calculation  of  increase 
rates  becomes  niore  problematical.  In  review,  we  have  seen  that: 

(a)  Fecundity  rates  vary  over  a wide  range.  The  low  end,  as 
reported  by  Moehlman  (1974),  is  comparable  with  that  of  horses,  with 
the  4-year-old  jennies  the  youngest  effective  breeders  and  foaling 
rates  of  adult  females  41  to  63  percent.  At  the  high  end,  some 
fraction  of  2-year-olds  foal;  and  annual  foaling  rates  as  high  as  79 
percent  (Table  2.13),  and  in  one  small  saunple  as  high  as  90  percent, 
have  been  reported. 

(b)  First-year  survival  rates  appear  similarly  variable,  with 
some  values  conceivably  below  0.5,  and  others  approaching  1.0. 

(c)  Adult  survival  rates  appear  high  and  comparable  with  those  of 
horses,  probably  falling  somewhere  in  the  range  between  0.7  and  1.0. 
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One  of  the  first  questions  we  can  address  is  the  advantage  ourros 
gain  over  horses  by  the  fact  that  they  breed  1 year  earlier.  Cole 
(1954)  has  shown  that  population  increase  rates  are  extremely 
sensitive  to  the  age  of  first  breeding,  more  so  than  to  moderate 
variations  in  total  number  of  young  produced.  We  have  performed 
life- table  calculations  on  annual  increase  rates  of  both  horses  and 
burros,  using  a hypothetical  rate  of  first  foaling  in  3-year-old 
horses  and  in  2-year -old  burros  of  25  percent.  All  older  age  classes 
were  assigned  50  percent  foaling  rates.  All  age  classes  were  assigned 
a 0.9  mean  annual  survivorship.  The  results  produced  a potential, 
annual  increase  rate  of  4 percent  in  horses  and  13  percent  in  burros. 
d®srly,  the  difference  in  this  variable  alone  provides  the  burros 
with  a materially  higher  potential  rate  of  increase,  provided  that 
survival  rates  are  similar. 

As  in  horses,  some  high  rates  of  increase  have  been  reported  for 
burro  populations: 

(a)  Douglas  and  Norment  (1977)  calculated  an  18  percent 

(X  * 1.18)  annual  increase  rate  for  Death  Valley  burros  in  the  mid 
1970s  following  herd  reduction. 

(b)  Ohmart  and  others  (1975)  estimated  20  to  25  percent  for  the 
Havasu  Resource  Area  in  California-Arizona  over  an  18-month  period, 
doubtless  utilizing  the  worlc  of  WCodward  (1976)  and  Seegmiller  (1977) 
who  arrived  at  similar  conclusions  for  the  same  locale. 

(c)  Morgart  (1978)  inferred  a 29  percent  (x  « 1.29)  annual 
increase  rate  for  Bandelier  Monument. 

We  can  now  calculate  what  demographic  patterns  would  be  required 
(and  we  do  not  suggest  that  they  necessarily  occur  in  nature)  to 
attain  rates  of  these  magnitudes.  We  performed  calculations  based  on 
the  following  three  hypothetical  conditions; 

(i)  Half  of  2-year-olds  and  60  percent  of  all  older  ages 
foaling  each  year. 

(ii)  Half  of  2— year— olds  and  80  percent  of  all  older  ages 
foaling  each  year . 

(iii)  Half  of  2-year-olds  and  100  percent  of  all  older  ages 
foaling  each  year. 

Given  these  schedules  and  1.0  survival  rates,  burro  herds  could 
increase  at  the  following  three,  respective  rates; 

(i)  X * 1.16  (16  percent  per  year) 

(ii)  X » 1.20  (20  percent  per  year) 

(iii)  X * 1.22  (22  percent  per  year) 

One  additional  implicit  assumption  is  an  age  distribution 
approximating  a geometric  series. 
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Obviously,  the  three  published  rates  of  increase  reported  above 
reach  or  exceed  the  biological  limits  of  the  species.  In  populations 
with  age  distributions  like  that  in  Table  2.16,  they  could  only  obtain 
with  no  mortality  and  maximum  possible  reproductive  rates.  But  since 
several  of  the  values  are  based  on  intensive  observations  of  small 
herds  over  periods  of  time,  one  hesitates  to  question  their  validity. 

Not  all  burro  herds  have  been  reported  to  increase  at  these  high 
rates.  The  Bedrock  Canyon  Herd  in  Grand  Canyon  had  experienced 
periodic  reduction,  and  Ruffner  and  Carothers  (1977)  found  high 
reproductive  rates,  a high  proportion  of  young  animals  (78  percent 
between  1 month  and  4 years  of  age),  excellent  physical  condition,  and 
presumed  population  increase  prior  to  their  removal  effort.  But  the 
Lower  Canyon  Herd  had  not  been  subject  to  human  interference,  had  only 
49  percent  of  its  individuals  in  the  first  4 age  classes,  was  not.  in 
as  good  physical  condition,  and  was  presumed  to  be  roughly  stationary 
or  growing  only  slightly.  Similarly,  Moehlman's  (1974)  Death  Valley 
herd  had  not  been  exploited  for  some  years,  exhibited  a low 
reproductive  rate,  and  appeared  to  increase  at  4.8  and  9.7  percent 
from  1970  to  1971  and  from  1971  to  1972. 

While  observing  substantial  fractions  of  foals  in  the  Butte  Valley 
population  of  Death  Valley  (Table  2.17),  White  (1980)  measured  almost 
no  population  change  from  1976  to  1979.  He  concluded  that  the 
population  was  stabilized  by  emigration  and  perhaps  the  low  first-year 
survival  described  above.  He  further  concluded  that  densities  were 
roughly  5 to  6 times  Moehlman's  (1974),  7 to  9 times  those  of  Douglas 
and  Norment  (1977) , and  some  of  the  highest  ever  reported. 

What  ecological  patterns  can  now  be  inferred  from  the  disparate 
results  that  we  have  reviewed  in  the  past  several  pages?  No 
definitive  answers  are  possible,  but  we  suggest  some  hypotheses  that 
might  serve  as  leads  for  future  research.  It  seems  instructive  to 
consider  asses  in  comparison  with  horses. 

The  domestic,  and  now  feral  or  "wild,"  horse  is  derived  from  the 
wild  Przewalski's  horse  (Equus  caballus  prezewalskii) . Its  original 
distribution  was  the  high-latitude  Asian  and  European  steppes  with 
their  strong  summer-winter  contrasts,  and  a semi-arid  to  mesic 
precipitation  pattern.  Such  a climatic  regime  placed  survival  value 
on  a warm-season  foaling  period  and  marked  reproductive  seasonality. 
With  a moisture  regime  of  intermediate  dependability,  probably  made 
less  risky  by  strong  nomadic  habits,  relatively  fixed  and  unvarying 
reproductive  rates  could  evolve  and  endure.  We  cannot  speculate  on 
why  those  rates  are  so  conservative. 

The  North  American  wild  horse  is  now  settled  in  the  New  world 
ecogeographic  analog  of  its  ancestral  range:  the  western  Great  Plains 

and  the  Intermountain  sagebrush  and  salt-desert-shrub  steppes.  Its 
reproductive  pattern  is  highly  seasonal  (Table  2.5)  and  of  limited 
variation  (TcUsles  2.4  and  2.8). 

The  domestic  donkey,  and  now  feral  burro,  is  descended  from  the 
African  wild  ass  (Equus  asinus) . Its  native  range  is  the  low-latitude 
(10°N) , arid  regions  of  northeast  Africa.  A combination  of  minor, 
seasonal  changes  in  temperatures  and  photoperiod  permitted  the 
evolution  of  a year-round  reproductive  capability  as  it  has  in  so  many 
low-latitude  species. 
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Similarly,  the  North  American  feral  burro  is  largely  a denizen  of 
the  continent's  "hot"  deserts,  particularly  the  Mojave  and  Sonoran. 

At  the  southerly  extremes  of  its  O.S.  distribution  in  southern 
California  and  Arizona  (latitude  ca  34  to  34.5“N),  and  on  Ossaoaw 
Island,  Georgia  (ca  31® N) , there  is  no  statistically  demonstrable 
seasonality  to  its  breeding.  But  at  the  slightly  higher  latitudes 
and/or  altitudes  of  Bemdelier  Monument  (ca  36®N) , Grand  Canyon 
(ca  36®N) , and  Death  Valley  (ca  36.5“N),  a degree  of  seasonality  has 
developed  (Table  2.15),  although  it  is  not  as  mariced  as  that  in  horses 
(Table  2.5) . 

One  trait  that  has  definite  survival  value  in  arid  regions  is 
demographic  flexibility.  Deserts  are  the  most  variable  of  all 
terrestrial  systems  in  terms  of  precipitation  and  primary  production. 
Many  desert  animal  species  the  world  over,  ranging  from  snails  and 
insects  to  birds  and  mammals , possess  great  flexibiity  in  a variety  of 
demographic  parameters.  They  reproduce  and  increase  rapidly  during 
periods  of  above-average  rainfall,  and  take  advamtage  of  temporarily 
favorable  conditions.  But  they  curtail  reproductive  activities  during 
drought  periods.  Some  species  have  abandoned  all  reproductive 
seasonality  and  developed  the  ability  to  breed  at  any  time  of  year 
when  capricious  rain  occurs. 

It  seems  possible  that  the  variability  in  the  burro  data  we  have 
reviewed  may  reflect  the  demographic  flexibility  of  a desert  species. 
Its  population  processes  may  adjust  to  such  vicissitudes  as  subnormal 
rainfall,  inadequate  forage,  and  population  density.  Several 
observers  whom  we  contacted  during  the  course  of  this  study  expressed 
the  view  that  burro  foaling  rates  are  higher  during  years  of 
above-average  precipitation  and  abundant  forage  than  in  years  when 
rainfall  is  below. 

Several  authors  have  suggested  that  observed  variations  in 
reproductive  and/or  survival  rates  are  due  to  variations  in  density. 
Douglas  and  Norment  (1977)  postulated  that  the  differences  between  the 
foaling  rates  they  observed  and  those  of  Moehlman  (1974)  were  a 
function  of  the  differing  population  densities  (Figure  2.1).  The 
herds  studied  by  Douglas  and  Norment  (1977)  and  Wdodward  (1976)  had 
been  lowered  by  herd  reduction  prior  to  the  studies,  and  their  high 
increase  rates  and  high  proportions  of  young  animals  were  thought  to 
be  responses  to  reduced  density. 

Ruffner  and  Carothers  (1977)  proposed  a similar  hypothesis  for  the 
two  Grand  Canyon  populations,  the  Bedrock  Canyon  herd  having  a lower 
density,  a higher  reproductive  rate,  a larger  proportion  of  young 
animals  in  the  population,  and  a presumed  higher  increase  rate  than 
the  Lower  Canyon  herd.  White's  (1980)  report  of  high  emigration  and 
low  foal  survival  rates  associated  with  exceptionally  high  density  may 
fit  this  same  pattern. 

If  these  hypotheses  are  correct,  they  may  have  important 
management  implications.  Burros  appear  to  have  materially  higher 
potential  increase  rates  than  horses,  and  to  be  capable  of  populating 
an  area  rapidly.  Indeed,  Woodward  (1976)  called  it  "[t]he  epitome  of 
a successful  colonizing  species...."  If  the  management  goal  for  a 
given  area  is  to  maintain  burros  at  low  to  moderate  numbers,  or  as  in 
the  national  parks  to  eliminate  them  and  prevent  their  repopulation, 
it  may  require  diligence  and  continuous  effort. 
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• DATA  FROM  MOEHLM AN  (1974) 

A DATA  FROM  PRESENT  STUDY 
I DATA  INCOMPLETE  FOR  YEAR  (1972) 
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Figure  2.1  Relationship  of  the  percentage  of  jennies  foaling 

to  population  density  in  Wildrose-Saiigrant  population 
of  Death  Valley  (after  Douglas  and  Noment  1977)  . 
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However,  burros  may  also  have  considerable  ability  to  limit  their 
own  density,  once  their  numoers  begin  to  weigh  on  their  own 
populations  and  their  environments.  Conceivably  this  phenomenon  could 
reduce  the  need  for  herd  control.  The  important  question  is  whether 
that  limitation  is  effected  at  densities  below  which  vegetation 
impacts  and  conflicts  with  other  values  are  excessive  in  terms  of 
specified  management  goals.  Our  later  discussions  on  the  effects  of 
burros  on  other  ecosystem  components  bear  on  this  question. 

All  of  this  is  speculative  and  supported  by  a thin  data  base.  The 
subject  of  demography  needs  considerable  research  aimed  at  measuring 
more  fully  the  reproductive,  foal-survival,  and  adult-survival  rates, 
and  their  variation  due  to  different  environmental  pressures.  They 
will  need  to  be  measured  in  a number  of  areas  to  disclose  the  basis 
for  differences  cited  above,  and  for  several  years  in  each  area  to 
record  the  range  of  variation  and  its  causation. 

Foaling  rates  should  be  fairly  accessible  at  nominal  expense  by 
examining  animals  at  roundups.  But  as  with  horses,  research  on 
survival  rates  will  be  considerably  more  demanding  of  time,  logistics, 
and  funds.  In  all  probability,  telemetry  will  be  an  indispensible 
tool. 

One  other  problem  that  concerns  some  observers  is  uncertainty 
about  accurately  determining  burro  ages.  Many  of  the  hypotheses  about 
burro  demography  developed  above— first  breeding  age,  age-specific 
fecundity,  and  survival  rates— presume  that  the  authors  cited  were 
able  to  age  the  animals  accurately.  In  fact,  age  criteria  have  not 
been  specifically  worked  out  for  burros.  Burro  investigators  use  the 
tooth-eruption  and  wear  pattern  worked  out  for  horses  (see  Welsh  1975 
for  review).  This  has  been  justified  by  Woodward  (1976),  Ruffner  and 
Carothers  (1977),  and  McCort  (1980)  on  the  grounds  that  the  pattern 
has  been  found  similar  in  three  different  species  of  Equus ; the 
plains  zebra  (E.  burehelli) , the  mountain  zebra  (S.  zebra) , and  E. 
caballus  itself.  The  assumption  is  that  the  same  pattern  holds  for  E. 
a sinus,  woodward  (1976)  was  able  to  make  limited  tests  on  the 
assumption  by  checking  dentition  of  animals  she  had  earlier  captured 
and  marked  while  they  were  foals.  She  found  no  discrepancies.  But 
additional  research  would  give  more  confidence  in  the  validity  of  the 
assumption. 


Demography-Related  Characteristics 
of  the  Mare  Reproductive  Cycle 

The  domestic  mare  begins  ovulating  at  about  1 year  of  age — that 
is,  the  first  season  after  the  year  of  birth.  The  adult  mare  is 
seasonally  polyestrous,  with  a cycle  length  of  21  to  22  days  between 
ovulations.  Spontaneous  prolongation  of  luteal  activity  is  common  in 
the  mare  and  can  extend  the  cycle  length  to  2 months.  Horse  mares  can 
cycle  year-round;  however,  they  tend  to  be  seasonal  depending  upon 
latitude,  with  perhaps  2 to  6 months  of  anestrus  during  the  winter. 

The  pony  mare  is  more  strictly  seasonal  (as  are  the  Pryor  Mountain 
wild  horses),  with  all  animals  cycling  by  May  and  none  after  September. 
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Multiple  ovulations  are  common  in  the  mare  and  may  occur  in  10  to 
25  percent  of  cycles.  Multiple  ovulations  and  the  multiple 
conceptions  that  can  occur  from  them  may  represent  a significant  part 
of  the  apparent  early  pregnancy  failure  rate.  Multiple  ovulations 
will  not  maice  a significant  demographic  contribution  (less  than  0.1 
percent  of  thoroughbred  foals  are  survivors  of  twin  pregnancies) , 
since  twins  are  rarely  carried  to  term  in  domestic  mares  and  have 
significantly  lower  birth  weights  and  reduced  rates  of  survival. 
Multiple  ovulations  and  twinning  very  rarely  occur  in  ponies.  It  is 
unknown  whether  multiple  ovulations  and  multiple  implantations  occur 
in  the  wild  horse. 

Another  curious  feature  of  the  horse  is  that  unfertilized  ova  do 
not  leave  the  fallopian  tubes  and  persist  over  a period  of  months 
while  degenerating.  Thusr  the  recent  ovulatory  history  of  the  mare 
can  be  ascertained  by  flushing  and  examining  tubal  washings  for  ova. 

The  onset  of  estrusr  as  well  as  the  occurrence  and  frequency  of 
ovulationr  have  been  sho«m  to  be  modulated  by  nutrition.  Furthermore, 
embryonic  survival  is  reduced  by  poor  nutrition.  Thus  nutritional 
status  in  late  winter  and  early  spring  may  affect  age  of  first 
breeding  and  time  of  onset  of  estrus  and  successful  establishment  of 
pregnancy,  even  if  ovulation  and  breeding  occur.  The  seasonal 
cessation  of  estrus  in  the  fall  may  be  a function  of  genetics  and 
nutrition  and  also  of  light,  since  time  of  reproduction  in  the  mare 
and  pony  has  been  shown  to  be  modulated  by  artificial  changes  in 
photoper iod . 

Sexual  receptivity  in  the  horse  mare  is  said  to  average  5.7  days, 
whereas  the  pony  mare  responds  for  about  8 days — 5.7  days  before 
ovulation  and  2.3  days  after.  Mares  can  exhibit  estrous  behavior 
without  ovulating  and  animals  can  ovulate  while  exhibiting  very  low 
levels  of  estrous  behavior  (Asa  1979).  Occasional  animals  can  exhibit 
more  or  less  continuous  estrous  behavior  and  willingness  to  copulate 
regardless  of  ovulatory  status. 

The  sequence  of  endocrine  and  gonadal  events  after  conception  have 
been  concisely  represented  in  Figure  10  of  Stabenfeldt  and  Hughes 
(1977).  Gestation  length  is  about  340  days  in  horses.  These  events 
provide  the  rationale  for  a series  of  tests  for  pregnancy,  the 
usefulness  of  which  is  related  to  the  stage  of  pregnancy  and  viability 
of  the  fetus.  Some  of  these  tests  are  summarized  in  Ginther  (1979) . 
They  include  rectal  palpation  of  the  reproductive  tract  (days  24  to 
45),  pregnant  mare  serum  gonadotropin  (PMSG)  (days  45  to  120), 
progesterone  (days  45  to  130),  and  estrogens  (days  120  to  340).  An 
elevated  PMSG  test  combined  with  a low  progesterone  result  indicate  a 
dead  or  resorbing  embryo.  The  level  of  progesterone  in  milk  can  be 
used  to  detect  pregnancy  in  a lactating  mare.  Urinary  estrogens  are 
useful  beginning  ctbout  100  to  110  days  past  conception.  Ultrasound 
detection  of  fetal  heartbeat  can  be  used  from  45  to  90  days 
(approximately  100  percent  effective  after  90  days)  to  term. 

Delivery  usually  occurs  at  night  and  lasts  about  10  to  15  minutes 
in  uncomplicated  births.  Premature  delivery  can  be  induced  by 
administration  of  exogenous  corticosteroids  (100  mg  of  dexamethasone 
around  days  321-324  with  delivery  on  day  328) . These  foals  survive. 
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Since  capture  and  handling  of  late  pregnant  mares  often  results  in 
early  parturition,  delivery  could  be  induced  in  a controlled  manner  by 
means  of  these  drugs.  The  whole  issue  of  premature  delivery  might  be 
avoided  with  drug-capture  techniques  that  use  tranquilizers  rather 
than  succinylcholine,  which  does  not  alter  the  animal's  awareness  of 
environmental  events  and  produces  symptoms  of  "stress"  in  white-tailed 
deer  (Wesson  and  others  1979). 

A "foal  heat"  (estrus  and  ovulation) , occurs  over  about  7 to  9 
days  and  within  13  days  after  foaling  in  domestic  mares.  Successful 
breeding  is  possible  at  this  time  and  is  commonly  done  in  domestic 
animals.  Foal  heat  is  likely  to  occur  in  wild  horses,  but  its 
modulation  by  nutrition  has  not  been  studied.  Thus,  it  is  important 
to  test  captured  mares  that  have  accompanying  foals  or  are  lactating 
for  pregnancy  (milk  progesterone,  PMSG,  serum  progesterone)  to 
establish  the  frequency  of  this  annual  rebreeding  in  wild  populations 
and  its  relationship  to  age.  This  testing  could  be  initiated  in  the 
adopt-a-horse  program,  especially  with  animals  captured  in  the  fall, 
using  the  combined  techniques  of  PMSG  and  progesterone  from  blood 
samples  and  ultrasound  detection  of  fetal  heartbeat. 

Live  foals  are  produced  by  about  70  out  of  100  well-managed 
domestic  mares  bred.  About  30  mares  in  100  are  estimated  to  become 
pregnant;  thus  failure  to  conceive  is  about  20  percent.  This  failure 
rate  may  be  due  to  frequent  use  of  hand-breeding  or  to  inbreeding 
depression,  since  90  to  100  percent  of  pasture-bred  quarter  horse 
mares  are  reported  to  become  pregnant.  The  death  rate  of  live  foals 
varies  widely  depending  upon  season  of  birth  and  source  of  data; 
about  55  percent  of  mares  bred  may  have  foals  that  survive  to  1 year 
of  age.  This  figure  is  close  to  that  reported  for  wild  horses,  but 
that  fact  may  only  be  coincidental  given  the  multiple  uncertainties  of 
the  domestic  animal  data.  We  cannot  safely  conclude  that  mares  breed 
each  year  on  the  average  in  the  wild  (i.e.,  breed  at  foal  heat  if 
previously  pregnant)  rather  than  in  alternate  years.  Direct  study 
will  be  necessary. 

Although  1-year-old  domestic  fillies  do  ovulate  and  can  become 
pregnant,  many  of  them  lose  their  fetuses:  69  percent  conceived  and 

44  percent  delivered  in  one  study  (Mitchell  and  Allen  1975).  It  is 
unlikely  that  animals  of  this  age  conceive  in  the  wild.  However,  the 
actual  year  of  first  breeding  will  require  direct  study.  It  has  been 
suggested  that  first  breeding  is  delayed  until  the  age  of  3 or  4 years 
in  the  wild  and  that  it  is  modulated  by  nutrition. 

Age-specific  fertility  in  domestic  mares  has  been  reported  to  vary 
between  65  and  79  percent  up  to  age  7 , between  31  and  89  percent  to 
age  12,  and  then  to  decline  gradually  to  50  percent  at  age  20  (Ginther 
1979) . Age— specific  mortality  rates  useful  to  wild  horse  demographic 
studies  cannot  be  inferred  from  domestic  data,  except  that  juvenile 
mortality  can  be  high  and  strongly  dependent  upon  management 
conditions . 

In  conclusion,  if  age-specific  fertility  and  mortality  data  of 
wild  mares  are  necessary  for  management  purposes,  then  they  will  have 
to  be  collected  from  studies  of  wild  populations.  The  techniques  are 
available  for  assessing  pregnancy  states  of  freshly  captured  wild 
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mares  and  hence  to  allow  estimates  of  fertility  and  probable  natality 
rates.  Methods  for  applying  these  techniques  to  captured  wild  horses 
are  discussed  under  "Feral  Horses;  Fecundity"  in  the  section  on  "Equid 
Demography. " 


Genetic  Polymorphism 

A knowledge  of  equid  genetics  can  contribute  to  management  in  at 
least  two  significant  ways.  First,  an  animal  population  must  embody  a 
certain  amount  of  genetic  diversity  in  order  to  be  able  to  adapt  to 
marked  environmental  changes  and  survive.  The  genetic  composition  of 
a population  is  presumably  adjusted  to  render  it  most  fit  for  its 
contemporary  environment.  However,  a large  population  will  contain 
considerable  diversity,  the  extremes  of  which  may  not  necessarily  be 
the  most  fit  individuals  for  that  environment.  But  given  a profound 
environmental  change,  such  as  climatic  oscillation,  some  of  the 
previously  marginal  genotypes  may  now  be  the  best  adapted  and  serve  as 
a breeding  source  for  a new,  better -adjusted  population. 

In  order  for  a population  to  have  a sufficient  probability  of 
survival,  it  must  be  large  enough  to  contain  enough  genetic 
variability  to  meet  likely  environmental  contingencies.  A management 
program  could  well  determine  what  this  size  is,  and  set  as  an 
objective  the  maintenance  of  individual  populations  at  or  above  this 
level.  If  forage  allocation  or  other  considerations  prohibited 
populations  of  minimum  size  in  certain  areas,  this  situation  might  be 
the  basis  for  deciding  to  remove  entire,  small  herds  from  such  areas. 

A second  management  implication  relates  to  the  contentious  issue 
of  the  lineage  of  wild  horse  herds.  Many  of  the  individuals  and 
groups  who  strongly  support  wild  horse  management  (e.g.,  Ryden  1978) 
contend  that  many  of  these  extant  herds  are  derived  from  previously 
abundant  Spanish  must«uigs.  Opposition  groups,  such  as  livestock  and 
wildlife  interests,  argue  that  most  wild  horses  today  stem  from 
escaped  or  released  draft  horses,  cavalry  mounts,  and  saddle  animals. 

This  dispute  could  be  settled  by  genetic  studies.  The  biophysical 
characteristics  of  blood  enzymes  and  proteins  have  been  found  to  be  so 
closely  associated  with  genetic  make-up  that  these  serum  constituents 
can  be  used  as  delicate  and  precise  genetic  markers.  It  is  quite 
likely  that  the  serum  proteins  of  the  Spanish  barbs  and  the  Arabian 
breed  (the  apparent  progenitors  of  the  Spanish  mustangs) , as  well  as 
those  of  the  different  domestic  breeds,  could  be  precisely  identified 
and  described  in  contemporary,  captive  animals  and  then  sought  in  wild 
herds.  In  all  probability,  the  complex  lineage  of  wild  animals  could 
be  worked  out  with  considerable  precision. 

At  present,  information  on  equid  population  genetics  is  scarce. 
There  are  apparently  no  systematic  studies  of  the  levels  of  genetic 
variation  in  wild  equids.  Data,  however,  do  exist  with  respect  to 
some  domestic  breeds.  The  genetics  of  coat  color  of  the  horse  has 
been  under  intensive  study  for  more  than  half  a century.  Because  the 
genetics  of  color  variants  is  fairly  well-known  in  many  cases,  it 
seems  that  the  coat  color  information  available  from  the  BLM  qensus 
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studies  could  be  used  to  obtain  some  information  on  gene  £re<^uencies . 
Nevertheless,  for  the  reasons  advanced  in  the  section  on  "Needed 
Research"  (below) , it  seems  that  such  information  by  itself  is  not 
sufficient  to  obtain  estimates  of  genetic  variation  in  wild  equid 
E5opulations  comparable  to  the  estimates  that  exist  for  many  other 
kinds  of  organisms.  The  study  of  blood  enzymes  and  other  proteins  is, 
at  present,  the  best  method  for  obtaining  such  estimates. 

An  important  study  of  the  genetics  of  blood  systems  was  published 
by  Stormont  and  Suzuki  in  1964.  These  authors  studied  16  blood 
factors  in  equine  blood  and  established  that  a minimum  of  eight  gene 
loci  are  responsible  for  the  control  of  blood  groups  in  horses. 
Extensive  polymorphisms  exist  in  at  least  four  of  the  eight  loci:  the 

minimum  number  of  alleles  is  six  at  one  locus,  five  at  another,  and 
three  at  each  of  two  other  loci  (Stormont  and  Suzuki  1964).  Allelic 
frequencies  at  the  various  loci  were  found  to  be  different  in 
different  breeds;  two  breeds  in  particular  (Shetland  ponies  and 
thoroughbreds)  are  markedly  different  with  respect  to  those 
frequencies,  as  shown  in  Table  2.19. 

A practical  extension  of  the  genetic  analysis  of  blood  groups  was 
presented  by  the  same  authors  in  1965.  In  cases  when  a mare  had  mated 
with  two  different  stallions,  it  became  possible  to  exclude  one  of  the 
two  stallions  from  paternity  in  about  65  percent  of  the  cases 
(Stormont  and  Suzuki  1965).  The  genetics  of  blood  groups  has  also 
been  used  to  confirm  the  inheritance  of  coat  color  in  equids 
(Trommershausen-Smith  and  others  1976).  The  chestnut  rule  in 
coat-color  genetics  asserts  that  matings  between  chestnut  horses  never 
produce  bay,  black,  brown,  or  grey  offspring;  the  grey  rule  asserts 
that  grey  offspring  must  have  at  least  one  grey  parent.  The  authors 
studied  nine  alleged  exceptions  to  the  chestnut  rule,  and  eight 
alleged  exceptions  to  the  grey  rule.  Study  of  the  blood  groups  of  the 
animals  involved  demonstrated  that  the  "exceptions"  were  due  to 
incorrect  parentage  assignation.  These  two  applications  of 
blood-group  genetics  illustrate  the  resolving  power  of  genetic  studies. 

An  early  investigation  of  genetic  variation  in  horse  proteins 
other  than  those  involved  in  blood-group  determination  was  also 
published  by  Stormont  and  Suzuki  (1963);  it  involved  variation  in 
albumin  phenotypes.  Gahne  (1966)  studied  variation  in  four  blood 
proteins,  each  encoded  at  a different  gene  locus,  by  means  of  gel 
electrophoresis.  The  number  of  alleles  found  at  each  of  the  four  loci 
was;  albumin,  2;  prealbumin,  4;  esterase,  4;  and  transferrin,  6. 

Stormont  (1979)  has  recently  reviewed  the  genetic  studies  of  blood 
proteins  in  horses.  Table  2.20,  adapted  from  his  publications,  gives 
the  number  of  alleles  known  at  each  of  the  eight  loci  responsible  for 
the  polymorphisms  observed  in  each  of  the  corresponding  proteins, 

(For  an  additional  review,  see  Kaminski  1979)  . 

Other  genetically  determined  proteins  studied  in  horses  are: 
a-galactosidase  (Beutler  and  Kuhl  1972) , butylcholinesterase  (Chiu 
and  others  1972) , liver  alcohol  dehydrogenase  (Ryzewski  and  Pietruszco 
1977) , and  hemoglobin  (Sandberg  and  Bengtsson  1972)  . 

Several  of  the  protein  polymorphisms  studied  in  horses  have  also 
been  investigated  in  burros:  transferrin  (Niece  and  Kracht  1967)  , 
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TABLE  2.19 

Estimates  of  the 
Blood-groxip  Loci 

Frequencies  of  Alleles  of  Eight 
in  Shetland  Ponies  and  Thoroughbreds 

Frecuencies  in 

Alleles 

Shetlands 

Thoroug.Tbreds 

0.3107 

0.7050 

A' 

0.2852 

0.0290 

A 

H 

£ 

0.0358 

0.0036 

A’H 

A 

0.0601 

0.0000 

a 

0.3082 

0.2624 

d= 

0.1392 

0.0000 

3 

d" 

0.1215 

0.1503 

d 

0.7394 

0.8497 

0.3415 

0.2058 

? 

?• 

S. 

0.0483 

0.0910 

0.6102 

0.7031 

0.1519 

0.5082 

R 

a 

0.3869 

0.0000 

S 

0.0103 

0.1038 

Q 

0.1306 

0.0756 

RS 

£ 

0.1893 

0.3125 

a 

0.1310 

0.0000 

C» 

C 

£ 

0.6521 

0.7317 

K* 

}L 

0.1796 

0.0635 

?• 

T 

t 

0.4505 

0.6594 

U« 

u 

u 

0.3174 

0.1485 

th*  &XlcXs  ftAch  of  thcstt  loc*  is 

susply  1 Biiaus  th«  fiqurw  shown. 

SCUBCS:  D«t»  from  StotsBont  and  Suzuhi  (1964)  . 
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TABLE  2.20  Number  of  Alleles  Associated  with 
Various  Blood  Proteins  in  Horses 


Protein 

Number  of 
Alleles 

References 

Serum  proteins 

Albumin 

2 

Stormont  and  Suzuki  (1963) ; 
Gahne  (1966) 

Prealbumin 

8 

Gahne  (1966) ; Braend  (1970) ; 
Trommershausen-Smith  and 
Suzuki  (1978a) 

Postalbumin 

2 

Braend  (1970)  ; 'Stormont  (1972)  ; 
Trommershaijsen-Smith  and 
Suzuki  (1978a) 

Esterase 

4 

Gahne  (1966) ; Scott  (1970) 

Transferrin 

6 

Gahne  (1966) ; Braend  and 
Stormont  (1974) 

Red-blood- cell  proteins 

Carbonic  anhydrase 

3 

Sandberg  (1968) ; Deutsch  and 
others  ( 1972a, b)  ; Deutsch 
and  Bray  (1975) 

Catalase 

2 

Kelly  and  others  (1971) 

6-?hosphogluconate 

dehy drogenas  e 

2 

Sandberg  and  Bengtasson  (1972) 

a 


References  not  included  in  Storacnt's  review. 
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hemoglobin  (Trujillo  and  others  1967,  Isaacs  1970),  esterase  (Kaminski 
1970),  6-phosphogluconate  dehydrogenase  (Bergman  and  Gustavsson  1971, 
Hof  and  Osterhoff  1973),  and  albumin  (Blake  and  Douglas  1978). 

Esterase  (Kaminski  1970,  Kaminski  and  others  1978)  and 
6-phosphogluconate  dehydrogenase  (Hof  and  Osterhoff  1973)  have  been 
studied  in  other  equids  as  well. 

The  present  state  of  knowledge  concerning  the  genetics  of  natural 
populations  of  wild  and  free-roaming  horses  and  burros  may  be 
summarized  as  follows: 

1.  No  information  exists  about  these  populations  concerning  any 
of  the  relevant  genetic  questions,  such  as  the  amount  of  genetic 
variation  within  populations,  the  amount  of  genetic  differentiation 
between  populations,  and  the  pattern  of  genetic  relatedness 

( "phylogeny")  of  the  wild  populations  and  the  domestic  breeds. 

2.  No  studies  exist  of  domestic  horses  or  donkeys  thah  would  give 
valid  estimates  of  the  amount  of  genetic  variation  within  a breed,  the 
amount  of  genetic  differentiation  between  breeds,  or  the  pattern  of 
genetic  relatedness  among  breeds.  To  obtain  these  estimates  would 
require  the  systematic  study  of  a random  sample  of  genes  (i.e.,  random 
with  respect  to  the  degree  of  variation) . The  existing  studies 
concentrate  on  one  or  another  gene  (responsible  for  a given  coat 
color,  blood  group,  or  protein)  and,  in  general,  pay  particular 
attention  to  genes  known  to  be  polymorphic. 

3.  Genetic  information  exists,  particularly  for  domestic  horses, 
with  respect  to  coat  colors,  blood  groups,  and  various  proteins; 
polymorphism  appears  to  be  pervasive  (and,  it  would  seem,  as  extensive 
at  least  as  in  other  vertebrates) . The  successful  application  of  the 
techniques  of  gel  electrophoresis  to  the  study  of  a number  of  protein 
polymorphisms  indicates  that  such  techniques  could  be  used  to  obtain 
the  kind  of  population  genetic  information  needed  (see  the  two 
previous  paragraphs) . 


Food  Habits  of  Horses  and  Burros 

Since  North  American  wild  burros  and  horses  occupy  rather 
different  biomes — burros  in  the  hot  or  southern  deserts,  and  horses 
largely  in  the  plains,  steppes,  and  cold  or  northern  deserts — marked 
differences  in  food  habits  are  to  be  expected,  and  possibly  in 
nutritional  characteristics  as  well.  At  least  part  of  the  burro's 
ability  to  adapt  to  the  harsh  environmental  conditions  of  the  desert 
Southwest  probably  relates  to  the  broad  spectrum  of  plant  species  it 
will  accept  as  food.  Most  studies  show  that  burros  are  highly 
opportunistic  feeders,  and  can  greatly  alter  their  diets  in  response 
to  forage  availability  and  phenology  (Browning  1960,  Hansen  and  Martin 
1973,  Koehler  1974,  Wbodward  and  Ohmart  1976,  Jordan  and  others  1979a, 
Seegmiller  and  Ohmart  1980) . They  apparentLy  prefer  green  grasses  and 
forbs  when  these  are  available  (Hansen  and  Martin  1973,  Woodward  and 
Ohmart  1976).  However,  virtually  all  researchers  have  remarked  that, 
during  dry  seasons  or  periods  when  forage  is  scarce,  burros  utilize 
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plants  and  plant  parts  not  usually  considered  forage  for  domestic 
ruminants.  For  example,  Ohmart  (1975)  observed  burros  consuming  large 
palo  verde  (Cercidium  microphyllum)  branches,  and  Koehler  (1974) 
reported  them  eating  yucca.  (Yucca  spp.)  plants  and  bark  from  cholla 
cactus  (Opuntia  imbricata) . In  their  comprehensive  review  of 
literature  on  equine  nutrition,  Robinson  and  Slade  (1974)  observed 
that  domestic  donkeys  may  have  a higher  capacity  for  digesting  crude 
fiber  than  either  horses  or  cattle,  and  that  feral  equids  of  both 
species  can  survive  on  diets  deficient  in  total  nitrogen  as  well  as 
specific  amino  acids.  These  physiological  capacities  might  well 
contribute  to  the  burro's  adaptability  to  such  low-quality  forages. 

Table  2.21  displays  a representative,  though  not  exhaustive, 
summary  of  food-habit  studies  conducted  on  burro  populations  in 
several  environments.  Variations  in  the  grass  component,  compared 
with  that  of  horses  (see  Table  2.22  and  later  sections  of  this  report) 
further  emphasize  the  plastic  nature  of  burro  feeding  habits. 

In  contrast  to  the  dearth  of  information  on  grazing  impacts, 
considerable  research  effort  has  been  devoted  to  studying  the  diets  of 
horses  over  a wide  range  of  conditions  in  the  West.  Much  of  this 
research  has  been  supported  either  directly  or  indirectly  by  the  BLM. 
In  some  cases,  diets  of  sympatric  ungulates  have  also  been  studied  to 
ascertain  the  degree  of  dietary  overlap.  Results  of  several  of  these 
studies  are  summarized  in  Table  2.22. 

While  some  studies  have  reported  that  forbs  (Smith  1949,  Archer 
1973,  Hansen  1976,  Wagner  1978,  BLM  1979c)  and  browse  (Fr ischknecht 
1975,  Hansen  1976)  are  periodically  important  in  horse  diets,  most 
studies  (Hubbard  and  Hansen  1976,  Hansen  and  others  1977,  Olsen  and 
Hansen  1977,  Salter  1978,  Vavra  and  Sneva  1978,  Salter  and  Hudson 
1979)  have  emphasized  that  gramineous  species  constitute  the  major 
proportion  of  the  annual  diet.  This  state  of  affairs  is  emphasized 
by  the  low  variability  associated  with  the  grass  component  in  Table 
2.22,  which  is  based  on  studies  conducted  over  all  seasons  and  under 
many  different  environmental  conditions.  In  a parallel  situation, 
Casebeer  and  Koss  (1970)  found  that  zebra  diets  more  closely  matched 
the  grass  composition  of  the  vegetation  type  where  t-hey  grazed  than 
did  those  of  three  species  of  ruminants:  cattle,  wildbeest,  and 

hartebeest. 

Archer  (1977)  and  P.  V.  Fonnesbeck  (Utah  State  University, 
personal  communication,  1979)  both  found  that  horses  can  be  highly 
selective  feeders,  even  showing  preferences  for  short,  new  growth  in  a 
sward  while  rejecting  the  older  growth  of  grasses  present  there. 
Stoddart  and  others  (1975)  noted  that  horses  are  the  most  selective 
grazers  of  domestic  livestock  and,  under  conditions  of  forage  scarcity 
where  heavy  utilization  has  been  forced,  no  other  animal  matches  the 
horse's  ability  to  crop  the  vegetation  closely.  Arnold  and  Dudzinski 
(1978)  have  made  similar  observations. 

Several  authors  reported  that  horses  and  cattle  often  consume  very 
similar  diets  in  sympatric  situations  (Olsen  and  Hansen  1977,  Salter 
1978,  Vavra  and  Sneva  1978).  Vavra  and  Sneva  (1978)  found  that 
similarity  of  diets  was  greatest  in  dry  years  and  during  seasons  of 
dormancy  when  forage  is  least  available.  Some  potential 
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TABLZ  2.21  Di«ta  of  Froo-Roaming  Burros  Ov»r  a Range  of  Vegetation  Types  and 
Saasons.  as  Determined  by  Fecal  and  Stoaach-Content  Analysis 


Study 


Uoodi^ard  and  Otuaart 
(1976) 


Hansen  and  Martin 
(1973) 


Jordon  and  others 
(1979) 


Seegailler  and  Ohaart 
(1976) 


Broiming  (1960) 
(stomach  contents) 


Mean  and  coefficient  of 
over  all  five  studies 


Vegetation  Type 

Month/ 

Oiatarv  Compos! rion 

(%) 

Season (s) 

Grasses 

Forbs 

Browse 

Mojave  Desert 
(lower  Colorado  River- 

Jan. 

0.0 

22.7 

73.3 

Qienahuevi  Hts. 

Feb. 

1.2 

46.9 

36.0 

Mar. 

2.2 

77.4 

19.5 

Apr. 

7.7 

58.2 

34.1 

May 

0.2 

51.9 

38.1 

June 

0.0  • 

37.2 

58.0 

July 

2.0 

12.1 

32.3 

Aug. 

2.4 

13.9 

78.8 

Sept. 

2.3 

8.4 

83.8 

Oct. 

U.6 

3.0 

74.0 

Nov. 

2.9 

10.9 

82.9 

Dec. 

14.3 

11.2 

73.1 

Annual  mean 

3.9 

30.1 

61.1 

Mohave  Desert 

Mar. 

79.6 

15.8 

5^  7 

(in  lower  Grand 

Canyon) 

Annual  mean 

68.6 

13.1 

13.7 

Mohave  Desert 

July 

47.8 

17.4 

31.8 

(Grand  Canyon 

Aug. 

Nat’l.  Park) 

34.4 

15.2 

48.7 

Sept. 

23.3 

10.1 

64.2 

Annual  mean 

3S.2 

14.2 

48.2 

Colorado  Desert 
(Icwer  Colorado  River- 

Jan. -Mar. 
Apr. -June 

1.8 

56.5 

39.6 

Bill  HiUiaBs  Mts.) 

30.1 

34.5 

30.4 

July-Oct. 

33.1 

11.2 

48.6 

Anniial  oMan 

22.0 

33.0 

40.0 

Mohave  Desert 
(Death  Valley) 

Spring  and  fall 

10.0 

39.0 

50.0 

variation  (%) 

27.3 

22.6 

40.3 

(84.2)  (46.0)  (49.0) 
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DVaiE  2.22 

Olats  at  Wild,  Ftaa-Koasanq  Horsaa 

Ovar  a Ranqa  of 

vaqa  tation 

Typas  and  Saasona,  as 

Oatarmnad  by 

Facal  Analysis 

Oiatarv  Cosootition 

(%) 

Study 

vaqatation  Typa(s) 

Saason(s) 

Srassas 

Forbs 

drvw99 

Bansan  (1976) 

Baa art  qsasaland 

Spnnq 

58 

28 

9 

Simsmr 

58 

13 

28 

rail 

36 

31 

28 

win tar 

36 

42 

21 

Annual 

47 

28.5 

21.5 

Babbard  and 

nsuntain  abrob 

Annual 

as 

1 

12 

Bansan  (1976) 

Pin)Ton- )unipar 

Annual 

39 

0 

7 

Eeotona 

Ibnual 

97 

a 

2 

Kansan  and  otbars 

Saoabruab-qraaa  and 

Annual 

94 

0 

5 

(1977) 

pxnyon*3taup«r 

Olsan  and  Bansan 

Saqabrusta-qsass 

Annual 

91 

a 

1 

(1977) 

and  saltbrosb 

Saltar  and  Budaon 

Uppar  foothills 

Jan-fUr 

87.5 

3.6 

5.9 

(1979) 

of  boraal  foraat 

Apr-May 

92.5 

0.3 

3.0 

Juna-Auq 

98.5 

0.8 

2.3 

Sapt-Oct 

95. 2 

1.9 

1. 5 

Nov-Oac 

39.3 

0.4 

5.1 

Annual 

92.6 

o.a 

3.6 

Vavra  and  Snava 

assart •foiast 

Nocnal  Yaar 

(1978) 

frinqa  of  tha 
cold  daaart 

Spnnq 

99 

— 

— 

fall 

96 

— 

— 

uintar 

100 

~ 

— 

Annual 

99 

— 

— 

Drv  Yaar 

Sprinq 

95 

— 

— 

Smmmr 

100 

— 

— 

rail 

100 

— 

— 

vilntsr 

97 

— 

— 

JUraual 

98 

— 

— 

Vavra  and  Snava 

Saqabruah-qrasa 

Annual 

92.3 

7.0 

0.2 

U97aj 

(4  locations 
varylnq  in  taqa- 

Annual 

9S.9 

3.6 

0.5 

brash  dnmanm) 

Annual 

as. a 

U.9 

1.2 

^^nntial 

9S.2 

2.5 

2.4 

naan  and  coafficiaac  oi  variation  (%) 
war  all  aawan  icudiaa 


89.4  5 . a 5.1 

(15.1)  (146.7)  (125.*) 
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food-competition  relationships  are  also  reported  to  exist  between 
horses  and  elk  during  winter  and  spring  {Salter  and  Hudson  1979),  and 
particularly  between  horses  and  such  climax  species  as  bison,  bighorn 
sheep,  and  pronghorn  antelope  (Wagner  1978),  which  apparently  have 
more  restrictive  dietary  niches. 

Some  caution  is  necessary,  however,  in  interpreting  dietary 
overlap  as  a strong  indication  of  competition.  Mere  dietary  overlap 
does  not  directly  translate  into  exploitative  competition  unless 
shared  forage  resources  are  in  short  supply.  In  this  connection, 
Salter  and  Hudson  (1979)  noted  that  horses  were  ubiquitous  in  their 
distribution  over  several  major  plant-community  types.  There  was 
little  contemporaneous  spatial  overlap  between  horses  and  cattle,  even 
though  fecal  analysis  showed  67  percent  overlap  in  their  summer  diets. 

Noticeably  absent  from  most  studies  on  horse  diets  is  any  type  of 
quantitative  description  of  food  availability.  Likewise,  few  studies 
have  adequately  described  the  spatial  relationships  of  hordes  and 
sympatric  ungulates.  Hence,  very  little,  if  anything,  can 
legitimately  be  said  about  competition  for  food  between  horses  and 
domestic  or  wild  ruminants.  Certainly,  no  populations  of  horses  and 
sympatric  species  have  been  monitored  for  purposes  of  identifying 
competitive  exclusion  resulting  from  exploitation  of  the  food  supply. 


Knowledge  of  forage  requirements  and  nutrition  is  important  to 
effective  management  of  horse  and  burro  populations  and  the  ranges 
they  occupy.  From  the  standpoint  of  animal  welfare,  the  horse  or 
burro  biologist  must  understand  the  animals'  nutritional  needs  for 
maintenance  amd  reproduction  in  relation  to  the  nutritional  plane  that 
the  range  is  capable  of  providing  seasonally.  From  the  standpoint  of 
range  welfare,  the  manager  must  have  reasonably  good  estimates  of  the 
quantities  of  forage  consumed  daily  by  a given  animal  population  in 
order  to  establish  stocking  rates  and,  if  necessary,  allocate  forage 
to  other  herbivores  occupying  the  range.  The  two  needs  are  not 
distinct  and  call  for  close  coll2d)oration  between  the  range  manager 
and  the  horse  or  burro  biologist.  The  following  discussion  will  first 
address  factors  affecting  forage  requirements  and  then  discuss  equid 
nutrition  in  the  rangeland  setting. 

Theoretically,  the  configuration  of  the  equid  digestive  tract 
makes  these  animals  less  limited  than  ruminants  by  the  quantity  of 
forage  dry  matter  they  can  turn  over  per  unit  of  time  (Bell  1969 , 

Janis  1976) . The  implication  to  the  range  manager  is  that  horses  may 
be  able  to  consume  more  forage  per  unit  of  body  weight  than  cows  can. 
Hence  the  animal  unit  (AQ)  requirement  for  forage  might  be  more  for 
horses  than  for  equivalent-sized  cows,  especially  on  rauiges  where 
forage  is  of  poor  nutritional  quality.  (An  animal  unit  is  considered 

Oto  be  a 454-kg  (1,000-lb)  cow  or  her  equivalent  by  Stoddart  and  others 
[1975].)  Apparently,  some  grazing -capacity  assessments  conducted  by 
the  BLM  for  cows  and  horses  have  gone  forward  on  the  assumption  that  a 
mature  horse  is  roughly  equivalent  to  1.25  AU. 


Equid  Forage  Requirements  and  Nutrition 
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Heady  (1975) , in  speaking  of  exchange  ratios  for  various  animal 
species  on  rangelands,  states  that  "...  if  the  food  eaten  is 
reasonably  the  same  for  both  species  being  compared,  the  ratio  of 
metabolic  weights  gives  the  exchange."  He  used  the  widely  accepted 
interspecies  mean  of  body  weight  raised  to  the  fractional  power  of 
0.75  to  define  metabolic  body  weight.  Thus,  using  this  procedure,  a 
454-kg  horse  and  a 454-kg  cow  both  have  metabolic  body  weights  of  98 
kg  and  both  are  equivalent  to  1.0  AO.  In  practice,  however,  such 
exchange  ratios  are  profoundly  affected  by  the  kind  of  range,  the  age 
and  physiological  status  of  the  animals,  and  the  kinds  of  forage 
consumed.  Hence  they  appear  to  offer  little  basis  for  comparing 
animals  as  dissimilar  as  cattle  and  horses. 

Another  possible  approach  in  comparing  ruminant  species  is  the  use 
of  recommended  nutrient  standards,  such  as  those  assembled  by  the 
national  Research  Council  for  sheep  (NAS  1968)  and  cattle  (NAS  1976)  . 
Sucn  a comparison  could  be  based  on  either  digestible  or  metabolizcdsle 
energy  requirements.  However,  direct  comparisons  of  such  energy 
standards  between  horses  (NAS  1976)  and  ruminants  are  not  advisable 
because  of  differences  in  digestible-energy  utilization  by  equines  and 
ruminants.  Considerable  energy  from  easily  digestible  foods  is 
absorbed  as  glucose  in  the  foregut  of  the  equid.  Undigested  material, 
consisting  largely  of  plant  cell  walls,  is  subsequently  fermented  in 
the  cecum,  yielding  volatile  fatty  acids  (VFA)  that  are  absorbed  and 
utilized  as  energy  substrates  by  the  animal.  In  ruminant  digestion, 
however,  fermentation  occurs  in  the  foregut,  and  consequently  there  is 
a major  dependence  on  VFAs  as  energy  substrates,  with  little  or  no 
direct  utilization  of  glucose. 

As  forage  matures  and  becomes  less  digestible,  fermentation  in  the 
cecum  becomes  relatively  more  important  to  the  equid  (Hintz  and  others 
1979).  Under  such  conditions,  decreasing  amounts  of  energy  are 
absorbed  as  glucose  in  the  foregut  and  increasing  amounts  are  derived 
as  VFAs  in  the  hindgut.  More  metabolizable  energy  is  available  from 
foregut  utilization  of  glucose  than  from  hindgut  utilization  of  VFAs , 
because  the  fermention  process  is  attended  by  losses  of  methane  and 
heat  that  do  not  occur  in  foregut  gastric  digestion.  Hence,  the  equid 
obtains  less  metabolizable  energy  from  each  unit  of  digestible  energy 
as  the  digestibility  of  its  food  declines.  This  shift  is  not  as  much 
of  a problem  in  ruminants,  since  the  proportion  of  food  that  is 
fermented  remains  relatively  constant  over  the  entire  range  of  forage 
digestibility.  Moe  and  Tyrrell  (1976)  found  that  for  ruminants, 
metabolizable  energy  expressed  as  a percentage  of  digestible  energy 
ranged  from  30  percent  for  forage  diets  to  about  38  percent  for 
high-concentrate  diets.  The  relationship  of  digestibility,  dietary 
fiber,  and  energy  nutrition  of  the  equid  are  discussed  in  detail  (with 
numerous  appropriate  reference  sources)  in  Appendix  A. 

Hstimates  of  daily  forage  requirements  for  horses,  based  on 
required  total  digestible  nutrients  (TDN) , have  occasionally  been 
suggested.  Data  on  TDN  requirements  are  readily  available  for  both 
horses  (NAS  1973)  and  cattle  (NAS  1976)  and  would,  as  first 
approximations,  appear  to  offer  a simple  method  for  equating  forage 
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requirements  of  the  two  species.  However/  such  comparisons  must  be 
interpreted  with  caution.  An  example  follows. 

For  a 400-i<g  mare  and  a 400-kg  cow,  both  in  the  last  90  days  of 
gestation,  recommended  TDN  levels  are  3.72  kg  daily  for  the  mare  (NAS 
1973)  and  4.00  kg  daily  for  the  cow  (NAS  1976).  Forage  diets  are 
assumed  to  supply  4,000  kcal  of  digestible  energy  per  kg  of  TDN  for 
horses  (Fonnesbeck  1968).  Thus,  according  to  this  approach,  cows 
would  require  some  7.5  percent  more  TDN  than  mares  of  equivalent  size 
and  physiological  status.  The  difference  of  0.28  kg  TDN  per  day 
(4.00  - 3.72  » 0.28)  can  presumably  be  attributed  to  the  less 
efficient  utilization  of  digestible  energy  by  the  ruminant,  which  is 
the  result  of  fermentive  losses  discussed  earlier. 

The  main  deficiency  in  this  approach  is  that  there  is  no  direct 
way  of  translating  TDN  to  quantities  of  forage  dry  matter  actually 
consumed.  The  latter  quantity  is  of  most  interest  to  the  range 
manager  who  must  allocate  a fixed  forage  resource  to  one  or  more 
grazing  animal  populations.  Presumably,  if  equids  digest  highly 
fibrous  forage  diets  less  thoroughly  than  do  ruminants,  and  the  rate 
at  which  digested  material  is  passed  through  the  equid  is  not  limited 
by  the  configuration  of  the  digestive  tract  as  it  is  in  ruminants,  a 
horse  might  consume  more  forage  in  order  to  extract  its  required 
quantity  of  TDN  (or  energy)  than  would  an  equivalent-sized  ruminant. 

Demment  (Appendix  A)  approached  this  question  on  a theoretical 
basis  and,  using  published  data  and  some  assumptions,  constructed  a 
family  of  curves  comparing  intake  of  similar-sized  horses  and  cattle 
as  a function  of  dietary  crude-fiber  content.  At  dietary  crude-fiber 
levels  lower  than  40  percent,  horses  would  consume  less  dry  matter  per 
day  than  would  cows;  however,  aibove  about  45  percent  dietary  crude 
fiber,  horses  would  consume  more  dry  matter  per  unit  of  body  weight 
than  cows,  and  the  difference  would  increase  at  an  increasing  rate. 

In  this  connection,  Stoddart  and  Greaves  (1942)  reported  that  native 
grass  species  (including  Agropyron , Bromua , Stipa,  and  Poa  spp.)  from 
northern  Utah  mountains  contained  about  28  percent  crude  fiber  in 
spring  and  36  percent  in  fall.  Crude-fiber  values  higher  than  40 
percent  of  dry  matter  are  uncommon  in  native  range  forages  (NAS  1971) . 

Although  the  accounts  are  few  and  some  of  the  data  are 
questionedale,  the  published  literature  seems  to  support  the  contention 
that  equids  may,  in  fact,  have  relatively  higher  rates  of  forage 
intake  than  do  ruminants  of  equivalent  size.  After  extensive  review 
of  the  literature,  Cordova  and  others  (1977)  concluded  that  realistic 
estimates  of  intake  for  grazing  ruminants  fall  in  the  range  of  40  to 
90  g/kg  aw^*  , where  is  the  metabolic  body  weight  of  an 

animal.  Intake  rates  at  the  lower  end  of  the  range  were  associated 
with  mature  and  cured  forages  and  those  at  the  upper  end  with 
immature,  easily  digestible  forages.  Thus,  forage  intake  by  horses 
and  burros  should  approach  or  exceed  90  g/kg  before  being 

accepted  as  evidence  that  their  intake  requirements  are  higher  than 
those  of  ruminants. 

Koehler  (1974),  citing  an  obscure  "U.S.  Forest  Service  personal 
communications”  reference,  stated  that  daily  intake  by  burros  on 
Bandelier  National  Monument  was  approximately  11  lbs  (5  kg) , but  he 
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did  not  give  the  average  weight  of  the  animals.  The  NPS  (1979) 
assumed  that  the  daily  intake  by  Grand  Canyon  burros  was  5.1  kg  of 
forage  per  167-kg  animal,  versus  1.6  kg  of  forage  per  64-kg  sympatric 
bighorn  sheep.  These  values  convert  to  110  and  71  g/kg  for 

burros  and  bighorns,  respectively,  but  the  difference  is  complicated 
by  differences  in  body  size  of  the  two  species.  Apparently,  the  NPS 
used  the  same  estimates  of  intake  requirement  for  burros  in  both 
Bandelier  National  Monument  and  Grand  Canyon  National  Park.  This 
value  was  taken  from  work  done  by  Maloiy  (1970)  with  the  Somali  wild 
ass.  Darlington  and  Hershberger  (1968)  found  that  ponies  voluntarily 
consumed  timothy  hay  at  32  g DM/kg  per  day  (DM  « dry 

matter) . Intake  levels  of  orchard  grass  and  alfalfa  were  65  to  90  and 
80  to  83  g DM/kg  BW®*^^,  respectively.  The  fact  that  the  intake 
rates  of  confined  ponies  approached  or  equaled  90  g/kg 
indicates  that  under  free-ranging  conditions  their  intake  requirement 
may,  in  fact,  be  higher  than  that  of  ruminants.  Recalcula-tion  of 
intake  data  presented  by  Ngethe  (1976)  suggests  that  zebras  are 
capable  of  daily  forage-intake  rates  of  at  least  157  to  165  g/kg 
BwO«75.  Ngethe 's  zebras  were  fed  a cafeteria-style  diet  of  cut 
grasses,  but  apparently  the  pens  he  used  allowed  the  animals  to 
exercise.  Both  of  the  foregoing  studies  measured  intake  in  the  highly 
controlled  pen  situation,  and  thus  there  is  no  reason  to  question  the 
accuracy  of  the  data.  However,  they  probably  underestimate  intake  by 
free-ranging  animals,  since  the  latter  presumably  have  somewhat  higher 
maintenance  energy  costs.  Obviously  this  question  requires  research, 
particularly  in  terms  of  the  mid-  and  low-quality  native  forages  that 
characterize  rangeland  during  much  of  the  year. 

Janis  (1976)  suggested  that,  due  to  their  presumed  greater  intake 
rates,  equids  are  superior  to  ruminants  in  dealing  with  high-fiber 
forages,  providing  that  intake  is  not  limited  by  the  actual  quantity 
of  forage  available.  In  other  words,  equids  might  have  a competitive 
advantage  over  ruminants  in  situations  where  a critical  nutrient  such 
as  nitrogen  is  present  in  low  concentrations  in  the  available  forage. 
This  is  not  to  say  that  equids  digest  protein  any  more  efficiently 
than  ruminants  (Vander  Noot  and  Gilbreath  1970),  but  they  possibly 
have  "access”  to  a greater  amount  of  the  nutrient  by  the  fact  that 
they  can  process  a larger  quantity  of  food  (Robinson  and  Slade  1974, 
Hintz  and  others  1978).  The  ruminant's  throughput  rate  is  limited  by 
the  capacity  of  the  rumen  and  the  fermentation  rate  there. 

The  question  of  equid  digestive  physiology  is  of  considerable 
theoretical,  as  well  as  practical,  interest.  Several  recent  reviews 
of  equine  nutrition  (Slade  and  Robinson  1970,  Mehren  and  Phillips 
1972,  Robinson  and  Slade  1974,  Hintz  and  Schryver  1973)  have  covered 
various  aspects  of  the  topic.  Janis  (1976)  discussed  the  evolutionary 
aspects  of  equid  digestion  and  possible  ramifications  regarding 
interactions  with  other  sympatric  ungulates.  The  reader  is  referred 
to  these  papers,  as  well  as  to  Appendix  A,  for  more  detailed 
discussions  of  digestive  physiology  and  possible  ecological 
relationships. 
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Nutritional  Value  of  Diets  Consumed  on  Rangelands 

Cook  (1975)  expressed  the  widely  held  belief  that  most  western 
ranges  lack  suitable  year-round  forage  resources  to  sustain  resident 
populations  of  horses  and  burros,  and  that  eventually  this  lack  will 
limit  their  populations  by  fostering  poor  reproduction,  disease,  and 
starvation.  Although  we  are  not  aware  of  any  documented  evidence 
(i.e.,  demographic  studies)  that  such  limitations  presently  exist, 
animals  in  poor  body  condition  have  periodically  been  observed  on  some 
horse  ranges.  Young  and  others  (1976)  suggested  that  Great  Basin 
plant  communities  have  not  evolved  in  association  with  equids  since 
their  Pleistocene  extinction,  and  that  feral  horses  were  only  able  to 
expand  their  ranges  into  the  Basin  after  the  advent  of  Europeans.  At 
any  rate,  now  that  wild  horses  and  burros  are  established  on  many 
ranges,  it  must  be  determined  whether  the  seasonal  quality  and 
quantity  of  their  food  are  currently  creating  limitations.. 

Generally,  forage  availability  and  nutritional  quality  are 
greatest  during  the  season (s)  of  active  plant  growth.  As  plants 
mature,  crude  fiber,  lignin,  and  cellulose  increase.  Part  of  the 
change  in  nutritional  composition  is  the  result  of  decreases  in 
leaf-to-stem  ratios,  chcmges  in  chemical  constituents  within  plant 
structures,  and  some  leaching.  These  lead  to  lower  digestibility  in 
most  cases.  After  maturation,  leaching  of  soluble  carbohydrates, 
proteins,  and  certain  minerals  and  vitamins  greatly  accelerates  and 
continues  throughout  the  period  of  dormancy.  Some  species  are  more 
susceptible  to  leaching  than  others,  and  it  is  more  severe  among 
herbaceous  plants  than  among  shrubs.  Shrubs  maintain  protein  and 
vitamin  levels  better  than  do  herbs,  but  they  do  not  provide  enough 
metabolizable  energy  to  sustain  weights  in  domestic  livestock  (Cook 
1975).  Leaf  drop  and  shatter  also  contribute  to  qualitative,  as  well 
as  quantitative,  losses  during  dormancy. 

The  areas  in  which  the  major  horse  and  burro  herds  roam  differ  in 
climate,  and  thus  support  somewhat  different  regimes  of  plant  growth. 
In  southwestern  regions,  rainfall  patterns  range  from  a single  winter 
mode  in  southern  California,  through  a bimodal  precipitation  pattern 
in  Arizona,  to  a single  summer  mode  in  New  Mexico.  In  areas  where  the 
bimodal  pattern  holds,  two  annual  peaks  in  forage  quality  are  often 
observed:  one  in  late  winter  and  early  spring  (provided  winter  rains 

occur),  and  one  in  late  summer  (Cable  and  Shumway  1966).  Grasses 
mature  during  the  latter  period.  In  the  Great  Basin  region  and 
adjacent  high  plains  areas  of  Wyoming  and  Colorado,  precipitation 
occurs  mainly  from  September  to  April,  much  of  it  as  snow.  Most  plant 
growth  occurs  during  spring  and  early  summer,  with  the  vegetation 
becoming  dormant  by  mid-  to  late  summer  and  remaining  so  throughout 
the  ensuing  fall  and  winter.  Moderate  temperatures  and  adequate 
precipitation  in  fall  may  sometimes  result  in  some  "greenup"  of 
vegetation  (primarily  grcunineous  species)  at  that  time.  Thus,  forage 
quality  is  generally  highest  during  late  winter  and  early  spring — and 
again  in  late  summer— in  the  southwestern  region,  and  during  spring 
and  early  summer  in  the  Great  Basin-Intermountain  region.  Drought 
conditions  in  either  region  can  reduce  the  availability  of  forage 
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during  growing  seasons  and  during  periods  of  dormancy.  Snows  often 
greatly  reduce  forage  availability  during  the  winter  in  the  Great 
Basin-Intermountain  region. 

Raleigh  (1970),  worlcing  in  the  sagebrush-bunchgrass  region  of 
Southeastern  Oregon,  reported  that  nitrogen  in  the  diets  of  grazing 
cattle  declined  from  3.01  percent  (18.8  percent  crude  protein>  in 
early  May  to  0.46  percent  (2.9  percent  crude  protein)  in 
mid-September.  Further  declines  into  the  fall  and  winter  may  have 
been  observed  if  the  study  had  continued  past  September.  In  the  Scune 
study,  digestible  nitrogen  available  from  forage  had  fallen  below 
recommended  levels  for  cows  nursing  calves  (NAS  1976)  as  early  as  late 
June.  Digestible  energy  reached  levels  deficient  to  cows  with  calves 
in  mid-July. 

If  one  substitutes  recommended  levels  of  crude  protein  and 
digestible  energy  for  lactating  mares  (NAS  1973)  into  Raleigh's  (1970) 
curves  for  forage  quality,  digestible  protein  (or  digestible  nitrogen 
X 6. 25)  would  appear  to  become  deficient  in  early  June,  but  a 
deficiency  of  digestible  energy  would  appear  unlikely,  even  into 
September.  This  exercise  assumes  that  horses  would  consume  diets 
similar  to  those  of  cattle,  and— on  the  basis  of  horse-diet  data 
published  by  Vavra  and  Sneva  (1978)  for  the  same  general  area— this 
may  not  be  am  unreasonable  assumption.  But  it  does  not  consider  the 
possibility  that  horses  may  compensate  for  low-quality  forage  by 
eating  more  of  it  (Janis  1976)  . 

Cook  and  Harris  (1968)  and  Rittenhouse  and  Vavra  (1979)  provide  a 
comprehensive  summary  of  nutritional  data  for  domestic  animals  in 
salt-desert  shrub  and  sagebrush  vegetation  areas  of  the  Great  Basin. 

In  addition,  Murray  and  others  (1978)  have  recently  published  a 
detailed  account  of  nutritional  values  for  some  20  important  forage 
species  common  to  the  Great  Basin  area.  Their  data  were  presented  in 
such  a way  that  the  effects  of  plant  phenology  or  stage  of  maturity 
can  be  clearly  ascertained. 

The  studies  mentioned  above,  as  well  as  numerous  others 
(Vallentine  1978  lists  some  715  bibliographic  entries  on  range-animal 
nutrition  specific  to  the  western  Ohited  States),  have  focused 
entirely  on  the  nutritional  value  of  range  forage  for  domestic  cattle 
and  sheep.  Fewer  studies  (e.g..  Smith  1952,  1954,  1957;  Dietz  and 
others  1962;  Short  and  others  1966;  Urness  and  others  1975)  have 
considered  wildlife  species.  But  virtually  all  studies,  whether 
concerned  with  wild  or  domestic  creatures,  have  been  carried  out  on 
ruminants.  Essentially  no  data  exist  on  the  nutrition  of  the 
free-ranging  equid  in  the  western  Dnited  States.  Moreover,  the 
studies  on  domestic  smimals  have  generally  been  done  from  the 
perspective  of  economically  effective  levels  of  animal  production.  It 
is  conceivable  that,  in  the  case  of  wild  horses  and  burros,  the 
question  of  mere  survival  may  occasionally  be  the  important  one. 

Studies  with  ruminants  have  shown  that  nutritional  deficiencies  in 
animals  cannot  necessarily  be  determined  by  comparing  the  nutritional 
value  of  hand-harvested  forage  plants  with  animal  requirements.  By 
selectively  feeding  on  specific  plant  parts,  the  grazing  animal 
usually  ingests  food  that  is  of  considerably  higher  quality  th<m  that 
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of  the  plant  as  a whole.  The  detailed  data  presented  by  McCulloch  and 
Urness  (1973)  on  white-tailed  and  mule  deer  in  Arizona  chaparral  show 
that  by  selectively  feeding,  deer  maintained  a relatively  uniform 
level  of  protein  intake  all  year  long,  even  though  the  gross  amount  of 
protein  available  in  the  vegetation  fluctuated  markedly  from  season  to 
season.  Similar  findings  are  reported  for  cattle  (Hardison  and  others 
1954)  and  sheep  (Arnold  1964). 

Langlands  and  Sanson  (1976),  however,  using  cattle  and  sheep  as 
experimental  subjects,  demonstrated  that  there  are  limits  to  what  can 
be  gained  by  selective  feeding.  As  forage  availability  declined 
during  the  course  of  their  study,  a point  was  reached  at  which  the 
most  nutritious  forage  became  too  difficult  to  obtain  in  sufficient 
quantities  to  make  seeking  it  worthwhile.  If  utilization  becomes 
heavy  enough  and  animals  can  no  longer  afford  to  select  just  the  most 
nutritious  food,  the  nutritive  value  and  digestibility  of  their  intake 
will  eventually  decrease.  The  utilization  level  at  which  animal 
selectivity  no  longer  meets  nutritional  requirements  becomes  a primary 
concern.  This  type  of  information  is  scarce  for  domestic  ruminants 
(Pieper  and  others  1959,  Cook  and  others  1962)  and  is  totally  lacking 
for  wild  horses  and  burros. 

When  considering  possible  nutritional  deficiencies  in  equids,  it 
is  important  to  recognize  that  the  recycling  and  storage  of  some 
nutrients  may  buffer  some  apparent  deficiencies  in  the  diet.  Nitrogen 
recycling  in  horses  (Robinson  and  Slade  1974)  may  lower  the 
maintenance  requirement  during  seasons  of  plant  dormancy  when 
crude-protein  availability  is  low.  Church  and  Pond  (1976)  reported 
that  ruminants  can  store  reserves  of  vitamin  A in  the  liver  for  90  to 
120  days.  Recycling  and  storage  are  perhaps  more  important  to  horses 
than  burros,  however,  because  the  latter  typically  have  year-round 
access  to  evergreen  plants  in  the  types  of  habitats  they  occupy. 
Furthermore,  parts  of  the  Great  Basin-Intermountain  region  support 
palatable  shrubs  that  contain  good  sources  of  vitamin  A all  year  (Cook 
and  Harris  1968). 

If,  as  Janis  (1976)  and  Hintz  and  others  (1973)  suggest,  equids  do 
compensate  for  a low  availability  of  critical  nutrients  by  processing 
larger  volumes  of  forage,  then  the  most  important  nutritional 
consideration  to  wild  horses  and  burros  may  be  the  quantity  rather 
than  the  quality  of  forage.  On  horse  and  burro  ranges,  forage 
availability  is  moat  often  limited  by  the  degree  of  current  annual 
production,  utilization,  and  sometimes  snow  cover.  This  last 
limitation  may  not  be  as  important  for  horses,  since  they  are  often 
reported  to  be  capable  of  pawing  through  snow  for  forage.  Salter  and 
Hudson  (1979)  reported  that  horses  were  "adept"  at  obtaining  forage 
beneath  snow  as  deep  as  0.6  m,  and  that  they  foraged  in  snow-covered 
areas  even  when  south  slopes  were  bare.  In  the  same  study,  winter 
diets  reached  a low  of  6 percent  crude  protein  and  a high  of  52 
percent  acid  detergent  fiber,  probably  acceptable  levels  for 
maintenance. 

Probably  the  most  critical  criterion  for  evaluating  horse  and 
burro  forage  supplies  is  the  extent  to  which  energy  is  available  amd 
the  degree  to  which  availability  coincides  with  requirements.  , As  is 
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true  for  most  mammals f the  nutritional  demands  of  horses  and  burros 
are  highest  during  the  last  trimester  of  gestation  (when  90  percent  of 
fetal  growth  occurs) , and  during  lactation  and  growth  (see  NAS  1973 
for  specific  values) . Energy  required  for  thermoregulation  may  also 
be  substantial  at  times  during  winter  months,  but  data  inadequacies 
prevent  evaluation  of  this  topic.  Some  of  these  periods  of  high 
requirement  coincide  with  the  period (s)  of  peak  forage  nutritional 
values.  Energy  for  maintenance  of  body  temperature  in  winter  is  a 
notable  exception,  but  such  a demand  is  generally  not  as  enduring  or 
as  great  as  those  for  reproduction  and  lactation. 

Wild  and  free-roaming-horses  generally  foal  in  the  spring  when 
forage  is  generally  nutritious.  Thus,  nutrient  requirements  of 
lactating  mares  and  foals  are  probably  met  except  when  droughts  are 
extreme  or  ranges  severely  depleted.  Although  it  is  not  documented, 
fetal  development  may  sometimes  be  inhibited,  especially  on  ranges 
where  forage  is  scarce  in  winter.  Yearlings  may  also  suffer 
insufficient  intake  for  growth  on  depleted  ranges  and  during  harsh 
winters. 

Burros,  by  contrast,  foal  year-round,  with  a peak  in  spring  and 
summer,  as  discussed  above  under  "Equid  Demography."  Consequently, 
performance  of  jennies,  survival  of  foals,  and  growth  of  colts  are 
likely  to  be  less  dependent  on  seasonal  greenup  than  on  annual 
productivity  of  the  range.  Greenup  will  certainly  favor  reproductive 
success,  but  this  event  coincides  with  the  peak  requirements  of  only  a 
portion  of  some  herds.  In  other  herds  foaling  is  virtually  as 
seasonal  as  it  is  in  horses. 

Basically,  we  assume  that  wild  horses  and  burros  are  limited  by 
the  same  constraints  in  food  supply  as  are  grazing  ruminants,  the  main 
difference  being  that  horses  and  burros  may  be  more  resistant  to 
depleted  forage  supplies  than  are  ruminants.  This  presumption, 
however,  must  be  verified. 


Habitat  Preference  and  Use,  and  Interspecific  Competition 

Forage  preferences  and  consumption  rates  alone  do  not  provide 
enough  information  to  support  decisions  for  a given  land  unit  on  the 
amount  of  forage  to  be  allocated  to  horses  and/or  burros,  livestock, 
and  wildlife,  and  on  the  numbers  of  each  type  of  animal  to  be  carried 
on  the  unit.  Several  different  patterns  of  interaction  could  be 
envisaged  between  these  categories  of  species — patterns  that  would 
influence  decision  making. 

1.  The  different  groups  might  select  mutually  exclusive  habitat 
types,  and  whether  forage  preferences  were  similar  or  not,  would  not 
affect  each  other's  populations.  No  interspecific  competition  would 
occur  in  this  situation. 

2.  The  different  groups  might  have  overlapping  habitat 
preferences  but  through  behavioral  interaction,  segregate  into 
discrete  portions  of  the  habitat.  If  competition  here  is  gauged  by 
what  a species  is  capable  of  in  the  absence  of  the  other,  thia  example 
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could  be  classed  as  competition  if  forage  in  one  (or  more)  of  the 
habitats  became  limiting  to  the  species  occupying  it  (them) . 

3.  The  different  groups  might  have  overlapping  habitat 
preferences  and  remain  sympatric.  If  they  had  different  forage 
requirements f they  would  not  compete.  If  they  had  overlapping  forage 
requirements,  but  were  not  present  in  sufficient  numbers  to  deplete 
the  forage  to  limiting  amounts,  they  would  not  compete.  But  if  the 
forage  were  reduced  to  the  point  of  affecting  the  welfare  of  one  or 
more  of  the  groups,  then  competition  would  occur. 

Clearly,  when  developing  criteria  for  site  suitability  it  is 
important  to  understand  habitat  preferences  and  uses,  and  whether 
competition  is  a possibility  or  a reality,  possible  competition 
between  wild  horses  and  cattle  was  reviewed  before  the  following 
comments  were  made. 

Broadly  viewed,  habitat  analysis  and  evaluation— the  techniques  of 
which  are  reviewed  in  deVos  and  Mosby  (1971) — address  two 
complementary  sets  of  questions.  One  set  involves  the  structural 
characteristics  of  the  habitat  in  terms  of  vegetation,  topography, 
soils,  and  water.  Extensive  literature  exists  on  the  measurement  of 
habitat  in  such  diverse  organisms  as  small  mammals  (Rosenzweig  and 
Winakur  1969;  M'Closkey  1972,  1975,  1976,  1978;  Rosenzweig  1973; 
M'Closkey  and  Lajoie  1975;  M'Closkey  and  Pieldwick  1975;  Conley  1976; 
Lemen  and  Rosenzweig  1978),  medium-sized  mammals  (Conley  and  Southward 
unpublished) , molluscs  (Green  1971) , a variety  of  birds  and  other  taxa 
(Shugart  and  Patton  1972) , and  elk  (Cervus  elaphus)  and  mule  deer 
(Odocoileus  hemionus)  (Sivinski  1979) . 

A second  set  of  questions  involves  the  behavioral  responses  of 
animals  to  the  habitat.  These  questions  are  concerned  with  the 
habitat  aspects  that  are  required  for  such  activities  as  feeding, 
breeding,  parturition,  escape,  and  protection  from  weather,  and 
collectively  are  subsumed  under  the  term  "habitat  selection.” 

In  establishing  suitability  criteria  for  horses  and  burros,  it  is 
important  to  recognize  that  while  there  is  some  optimum  for  them  that 
might  appropriately  be  termed  the  "preferred  habitat,"  the  animals  may 
be  forced  to  occupy  suboptimum  conditions  due  to  habitat  degradation, 
competitive  displacement  by  other  species,  or  simply  the  absence  of 
the  optimum.  This  type  of  h^d^itat  may  be  called  the  "subsistence 
habitat."  The  parallel  terms  of  animal  response  are  "habitat 
preference”  and  "habitat  use."  The  distinction  is  made  here  because 
it  cannot  be  automatically  assumed  that  an  animal's  presence  in  a 
given  type  necessarily  implies  that  that  type  is  optimum. 

Since  interspecific  competition  can  profoundly  affect  a species ' 
habitat-use  patterns,  and  must  be  taken  into  account  in  allocating 
forage  among  the  several  species  groups  dealt  with  here,  it  should  be 
considered  in  some  detail.  By  most  definitions,  interspecific 
competition  is  judged  on  the  basis  of  two  criteria  (Milne  1961,  Conley 
1976):  (1)  two  species  compete  when  they  both  use  some  resource  that 

is  present  in  short  supply;  and  (2)  in  using  the  resource,  each 
species  reduces  the  other's  population  performance,  and  ultimately 
fitness,  to  levels  below  what  these  measures  would  be  in  the  absence 
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of  the  other  species.  The  important  implication  is  that  two  species 
can  use  the  same  resource,  but  if  their  joint  use  does  not  reduce  it 
to  the  point  where  each  limits  the  other's  demographic  performance, 
they  are  not  competing. 

This  point  seems  to  have  escaped  the  writers  of  much  of  the 
literature  on  competition.  The  extensive  writing  on  dietary 
similarities  among  wild  equids,  livestock,  and  wildlife  often  infers 
competition  without  evidence  of  resource  limitation  or  population 
effect.  These  reports  (Cole  1954,  Tueller  and  Lesperance  1970,  Hansen 
and  others  1973,  Hansen  and  Reid  1975,  Hubbard  and  Hansen  1976,  Hansen 
and  others  1977,  Hansen  and  Clark  1977,  Olsen  and  Hansen  1977, 
unpublished  data  obtained  from  BLM  files)  provide  important  data  for 
describing  the  biology  of  each  species,  assuming  the  efficiency  of  the 
techniques  used  (Hansen  and  others  1973,  Todd  and  Hansen  1974,  Deardon 
and  others  1975;  but  see  Reiss  1977,  Smith  and  Shandruk  1979,  vavra 
and  others  1978) . But  such  information  is  not  sufficient  to 
demonstrate  competition  among  the  species  involved  even  when  the 
vegetation  is  surveyed  (e.g.,  Jordon  and  others  1979),  much  leas  when 
it  is  not  (e.g.,  Hansen  1976). 

Two  species  may  use  more  than  one  common  resource,  and  they  may 
conceivably  compete  for  one  without  competing  for  the  other (a).  It 
was  mentioned  earlier  that  two  species  may  segregate  into  separate 
areas  of  the  habitat  as  the  result  of  behavioral  interactions,  and 
thus  may  eliminate  competition  for  food.  There  are  reports  in  the 
literature  of  this  situation  occurring  between  domestic  animals  and 
wildlife.  Jeffery  (1963)  and  Mackie  (1970)  reported  that  when  cattle 
were  present  elk  vacated  areas  that  they  otherwise  occupied. 

These  flexible  patterns  of  resource  use  are  explained  in 
Hutchinson's  (1958)  construct  of  the  niche  occupied  by  a species.  In 
tne  absence  of  competition,  a species  occupies  some  broad  portion  of 
the  resource  spectrum  for  which  it  has  tolerance;  Hutchinson  terms 
this  portion  the  "fundamental*  niche.  In  the  presence  of  competitors, 
the  species  may  constrict  its  distribution  into  some  subset  of  the 
fundamental  niche  for  which  it  is  best  adapted,  and  this  subset  is 
called  the  "realized"  niche. 

If  a species  expands  its  use  or  occupancy  of  resources  upon  the 
removal  of  another  species,  circumstantial  evidence  of  competition  has 
been  established.  This  expansion  has  been  termed  "ecological  release” 
(Ricklefs  1973,  Pianka  1974).  The  concept  has  been  used  by  various 
workers  to  infer  competitive  pressures  (Ayala  1970;  Koplin  and 
Hoffmann  1968;  Peterson  1973;  Neill  1974,  1975;  Rosenzweig  1973; 
Schroder  and  Rosenzweig  1975;  Davis  1973;  Simon  1975;  Grant  1969, 

1971;  Morris  and  Grant  1972;  Grant  1975;  Crowell  1973;  Crowell  and 
Pimm  1976).  Avoidance  is  more  generally  the  response  between 
competing  species  than  outright  aggression  (Andrzejewski  and  Olszewaki 
1963,  Kikkawa  1964,  Colvin  1973,  Grant  1978),  but  exceptions  exist, 
particularly  under  experimental  conditions  (Conley  1976)  . It  has  long 
been  recognized  that  "niche  space"  is  a highly  complex  phenomenon,  and 
that  in  any  given  circumstance  only  a portion  of  such  a tiieoretical 
construct  can  actually  be  measured.  This  process,  called  "a  partial 
analysis  of  niche"  by  Maguire  (1967) , has  been  followed  by  a number 
of  recent  workers. 
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All  of  this  discussion  comes  down  to  the  point  of  discerning  and 
measuring  competition  between  wild  equidSf  livestock,  and  other 
wildlife  so  that  it  can  be  provided  for  in  management  plans.  Since  an 
essential  criterion  of  competition  is  the  creation  of  a population 
effect,  its  existence  cannot  absolutely  be  established  without 
experimentally  manipulating  one  species  and  ascertaining  whether  the 
other  responds. 

If  equids  are  competing  with  other  species  for  food,  the  effect  is 
presumably  on  nutrition  and  ultimately  demographic  performance.  Since 
equid  demography  is  so  conservative,  a demographic  change  following 
experimental  reduction  in  a suspected  competitor  would  be  difficult  to 
measure  in  the  time  available  for  this  project.  It  is  hoped  that  a 
nutritional  change  could  be  detected  through  blood  analysis  (described 
below  under  "Needed  Research”) , and  that  the  demographic  results  could 
then  be  assumed.  Research  on  possible  nutritional  response  is 
outlined  in  Chapter  5. 

If  equids  partition  the  habitat  with  other  species  through 
behavioral  interaction,  this  state  of  affairs  can  be  identified 
readily  through  experiment.  Habitat  use  can  be  measured  in  the 
presence  and  absence  of  suspected  competitors.  Such  experiments  are 
outlined  in  Chapter  5 of  this  report. 


NEEDED  RESEARCH 
Overview 

Rationale  for  Projects  1 Through  7 

It  is  clear  from  the  "State  of  Knowledge"  sections  in  this  and 
later  chapters  that  there  is  not  enough  of  the  information  needed  to 
formulate  effective  horse/burro  management  plans.  Broad  gaps  in 
understanding  exist  in  nearly  all  aspects  of  management.  In  order  to 
fill  these  gaps,  the  Committee  is  advocating  the  13  research  projects 
listed  in  Chapter  1 of  this  report.  We  believe  that  the  data  base 
provided  by  these  projects  will  help  develop  the  more  effective  equid 
management  programs  toward  which  the  3LM  and  USES  are  moving,  and 
which  PL  95-514  prescribes.  The  projects  are  divided  into  four 
groups,  which  correspond  to  the  four  main  chapters  of  this  report. 

The  first  three  groups  also  correspond  roughly  to  the  areas  of  concern 
of  the  three  subcommittees  and  to  the  three  connotations,  discussed 
above,  of  the  term  "excess”  used  in  PL  95-514. 

In  considering  what  is  implied  by  the  term  "excess,"  we  have 
approached  the  matter  from  the  following  perspective.  Any  given  tract 
of  land  has  a certain  ecological  potential  to  support  herbivores  in  an 
equilibrium  state.  That  potential  is  determined  by  the  site's 
climate,  topography,  soils,  water,  and  vegetative  characteristics,  as 
well  as  by  the  nature  of  the  collective  herbivores  themselves.  Policy 
decisions  based  on  biological,  sociopolitical,  amd  economic 
considerations  can  allocate  some  portion  of  that  potential  to  equids. 
As  brought  forth  in  our  discussion  at  the  beginning  of  Chapter  2, 
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equids  reach  excess  numbers  when  they  increase  to  population  levels 
that  (a)  threaten  their  own  health  and  welfare,  (b)  threaten  other 
components  of  the  ecosystem  they  occupy,  and/or  (c)  interfere  with 
other  management  goals  for  that  area. 

In  order  to  allocate  a portion  of  the  area's  potential  to  equids, 
the  manner  in  which  they  use  it  in  terms  of  habitat  selection,  food 
consumption,  and  interaction  with  other  animals  must  be  understood. 
Once  the  allocation  is  made,  their  biological  performance— —in  terms  of 
nutrition,  demography,  behavior,  and  genetics-must  be  monitored  to 
detect  when  the  animals  are  approaching  excess  numbers  in  the  first 
sense,  and  are  threatening  to  exceed  the  portion  of  the  area's 
potential  allocated  to  them. 

Accordingly,  the  seven  research  projects  that  are  discussed  in 
this  chapter  are  designed  to  assist  in  making  the  allocation 
decisions,  and  to  monitor  the  welfare  and  biological  performance  of 
the  animals.  These  are: 


Project  1. 
Project  2. 

Project  3. 

Project  4. 

Project  5. 
Project  6. 

Project  7. 


Habitat  Preference  and  Use  by  Co-occurring  and 
Separately  Occurring  Feral  Squids  and  Cattle 
Pood  Consumption  Rates  and  Nutrition  of  Wild  and 
Free-Roaming  Horses  and  Burros  and  Their  Associated 
Species 

Nutritional  Plane,  Condition  Measures,  and 
Reproductive  Performance  in  Domestic  Mares 
Blood  Assay  of  Experimental  Equids  and  Livestock  in 
Projects  1,  2,  3,  5,  and  3 
Demography  of  Wild  Horses  and  Burros 
Social  Structure,  Feeding  Ecology,  and  Population 
Dynamics  of  Wild  and  Free-Roaming  Horses  and  Burros 
Genetic  Polymorphism. 


The  projects  set  forth  in  Chapter  3 address  the  welfare  of  other 
ecosystem  components  and  the  second  connotation  of  what  constitutes 
"excess"  numbers,  while  those  in  Chapter  4 address  the  third 
connotation. 


Time  Constraints 

There  is  one  aspect  of  the  research  on  which  the  Committee 
strongly  and  unanimously  concurs,  and  we  believe  that  we  must  declare 
our  view  on  the  matter  forcefully.  PL  95-514  and  the  BLM/NAS  contract 
decree  that  the  research  shall  be  carried  out  essentially  in  the 
2-year  period  covering  1980  and  1981,  and  that  the  Committee  is  to 
marshall  the  evidence  and  complete  a final  report  in  1982.  It  is  the 
Committee's  opinion  that  much  of  the  information  needed  to  provide  a 
sound  base  for  management  programs  cannot  be  generated  in  a 2-year 
period.  The  area  in  question  encompasses  semi-arid  and  arid  regions. 
Such  climatic  types  are  the  most  variable  on  earth.  Rainfall,  varying 
from  year  to  year  in  a largely  random  and  unpredictable  fashion,  may 
differ  by  a factor  of  10  between  2 successive  years.  Vegetative 
production  is  equally  variable. 
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Consequently,  the  composition  and  quantity  of  forage  available  to 
horses  and  burros,  as  well  as  to  other  herbivores,  varies  markedly 
between  years.  Any  hope  of  ascertaining  the  overall  patterns  of  food 
preference,  nutritional  condition  (and  therefore  behavioral  and 
demographic  performance),  competition  with  other  herbivores,  and 
impacts  on  vegetation  and  watersheds  depends  on  long-term  research 
that  covers  the  full  range  of  climatic  variability.  At  the  very  least 
this  work  would  take  6 to  10  years. 

The  research  program  that  we  propose  in  the  following  pages  will 
increase  our  current  knowledge  of  horses  and  burros  substantially. 

But  we  wish  to  make  it  clear  that  a 2-year  effort  would  fall 
consideradsly  short  of  supplying  the  informational  needs  that  have  been 
discussed  in  the  foregoing  pages.  In  a number  of  cases,  a 2-year 
effort  would  add  so  little  to  what  we  now  know  that  one  could  question 
the  wisdom  of  making  the  commitment  to  it. 


Integration,  Scale,  and  Geographic  Distribution 

Project  1 should  be  conducted  with  study  plots  no  smaller  than  5 
to  6 square  miles  per  experimental  treatment  (to  be  outlined  shortly), 
and  possibly  much  larger.  The  types  of  scientific  observations  to  be 
made  will  include  equid  behavior  and  habitat  measurement.  Project  2 
(and  Projects  3 and  9,  to  be  outlined  later)  should  be  conducted  in 
study  plots  ranging  in  size  from  about  100  to  300  acres  per 
experimental  treatment.  The  scientific  observations  to  be  made 
include  range  ecology,  feeding  behavior  and  nutrition,  and  measurement 
of  various  watershed  parauneters.  Thus  several  disciplines  will  be 
needed,  and  the  location  and  design  of  experiments  will  need  to 
consider  the  availability  of  these  capabilities.  In  addition.  Project 
4 should  be  carried  out  in  conjunction  with  Projects  1,  2,  and  3,  and 
therefore  should  be  planned  amd  designed  in  coordination  with  them. 
Project  10  (discussed  later)  is  likely  to  need  a study  area  of  about 
the  saune  size  as  that  needed  for  Project  1,  but  will  require  the 
presence  of  a ripariam  zone.  Therefore,  where  possible  (i.e.,  where 
scientists  of  both  disciplines  are  available)  both  Projects  1 and  10 
should  be  carried  out  in  the  same  sample  plots. 

The  ideal  integration  of  these  projects  can  be  seen  below  in  the 
scheme  for  a single  replication. 


Grazing  Intensity 


Class  of  Animals 


ttoderate 


Heavy 


Horses 


Projects  1,  4,  10 

Proj . 2,  4,  3,  9 


Projects  1,  4,  10 

Proj.  2,  4,  3,  9 


Cattle 


Projects  1,  4,  7 

Proj.  2,  4,  3,  9 


Projects  1,  4,  10 

Proj  2,  4,  3,  9 


Horses  and  Cattle  Projects  1,  4,  10 

Proj.  2,  4,  3,  9 


Projects  1,  4,  10 

Proj . 2,4,  3,  9 


Neither 


Proj.  2,  9 


Proj.  2,  9 
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Each  of  these  experiments  should  be  replicated  three  or  four 
times,  perhaps  once  in  each  of  three  or  four  states.  It  is  not 
essential  that  the  large-scale  (1,  10)  and  small-scale  (2,  4,  8) 
studies  be  combined  at  a single  site  as  shown  here.  If  expertise  for 
Project  1 — but  not  for  Projects  2,  3,  and  9 — exists  in  a single  area, 
then  a replication  of  Project  1 could  be  carried  out  in  one  area,  and 
a replication  of  2,  3,  and  9 elsewhere.  But  if  the  combined  expertise 
can  be  brought  together  in  a single  area,  then  integration  is 
desirable  and  efficiency  is  gained. 

First  priority  is  given  here  to  horses  and  cattle  because  the 
possibility  of  competition,  both  behavioral  and  nutritional,  seems  to 
be  greatest.  However,  if  funds  permit,  sheep  could  be  included, 
although  their  addition  to  the  above  scheme  would  double  the  number  of 
experimental  treatments  in  each  replication,  k similar  rate  of 
increase  could  be  anticipated  with  the  addition  of  each  additional 
wild  ruminant  species.  The  scheme  could  also  be  repeated  using  burros 
instead  of  horses. 

Details  of  the  individual  projects  follow. 


Project  1.  Habitat  Preference  and  Use  by  Co-occurring 
and  Separately  Occurring  Feral  Squids  and  Cattle 


Rationale 

As  discussed  above,  before  proper  resource  allocation  and 
development  of  site-suitability  criteria  can  be  carried  out,  it  is 
necessary  to  understand  the  habitat  preferences  of  equids  and  other 
large  herbivores  on  the  range,  and  how  their  use  of  preferred  habitat 
might  be  modified  by  interspecific  competition.  Since  preferences— as 
well  as  the  presence  and  distribution  of  the  different  species — may 
vary  seasonally,  it  is  desirable  to  initiate  studies  on  this  phase  as 
early  as  possible.  They  should  be  conducted  year-round  throughout  the 
period  of  this  prograun. 


Objectives 

1.  Determine  utilization  patterns  in  relation  to  habitat 
structure  (vegetation,  topography,  soil,  and  water)  demonstrated  by 
feral  equids  and  domestic  bovids  in  the  presence  of,  and  the  absence 
of,  potential  competitors  (i.e.,  equids  alone,  equids  and  cattle, 
cattle  alone) . 

2.  Develop  an  appropriate  multivariate  statistical  model  that 

allows  testing  of  the  null  hypothesis:  "there  is  no  difference  in 

utilization  patterns  between  equids  and  bovids.” 

3.  Use  the  statistical  model  in  (2),  above,  to  describe 
probabilities  of  habitat  utilization  patterns  that  C2m  be  used  to 
develop  site-suitability  criteria  for  both  equids  and  cattle. 


Ill 

4.  Synthesize  the  results  from  (1)  through  (3)  above  with  the 
nutrition  program,  and  evaluate  the  existence  of,  and  potential  for, 
competition  between  the  two  species. 


Methodology 

1.  A single  experimental  block  should  be  a large  area  containing 
wild  horses  or  burros. 

2.  Such  a block  should  be  subdivided  into  six  treatment  cells 
about  S to  6 square  miles  each,  and  containing  adequate  habitat  and 
topographic  diversity. 

a.  Cattle  stocked  at  proper,  long-term  carrying  capacity 
levels . 

b.  Cattle  stocked  at  levels  considered  to  be  excessive  with 
regard  to  long-term  health  of  the  vegetation. 

c.  Equids  stocked  at  levels  described  in  a. 

d.  Equids  stocked  at  levels  described  in  b. 

e.  Equids  and  cattle  stocked  as  in  a. 

f.  Equids  and  cattle  stocked  as  in  b. 

These  cells  must  be  large  and  diverse  enough  to  allow  natural 
segregation  of  habitat  use  patterns  if  differences  exist,  and  to  allow 
for  sufficient  numbers  of  individuals  to  ensure  statistical 
reliability. 

3.  To  eliminate  bias,  the  sampling  program  should  be  a suitable 
random  or  stratified-random  design,  and  should  concentrate  on 
activities  related  to  (a)  feeding  and  watering,  (b)  escape  (from  pests 
or  disturbance) , and  (c)  parturition  and  care  of  newborn.  For  each  of 
these  categories,  multivariable  vectors  representing  characteristics 
of  habitat  structure  are  to  be  obtained.  Variables  chosen  for 
measurement  should  reflect  local  conditions  and  incorporate 
consideration  of  vegetative  structure,  aspect  (topography) , edaphic 
structure  (in  the  broad  sense) , cuid  availability  of  water  and/or  other 
special  requirements.  It  is  desirable  to  use  telemetered  individuals 
to  facilitate  location  for  observation.  In  keeping  with  the  nutrition 
experiments,  the  use  of  breeding-age  females  should  be  emphasized  in 
order  to  maximize  the  potential  for  detecting  demographic  effects  if 
they  exist. 

4.  Preliminary  measurements  should  be  evaluated  for  variation, 
and  sample  sizes  computed  (e.g.,  Cochran  1977}  for  stated  levels  of 
precision.  Statistical  procedures  should  follow  the  example  of 
workers  cited  above  (e.g.,  M'Closkey  1975,  Shugart  and  Patton  1972, 
Sivinski  1979) . Multivariate  analyses  that  allow  testing  of  null  and 
alternate  hypotheses  and  projections  to  group  membership  should  be 
emphasized.  Suitable  divisions  of  data  sets  should  be  included  to 
maximize  predictability. 

5.  This  entire  experiment  should  be  replicated  three  or  four 
times  in  as  many  states  so  that  generalized  statements  can  eventually 
be  made  about  equid  and  bovid  habitat  preferences  auid  use  patterns, 
and  possible  effects  of  competition. 


112 


6.  Blood  assays  should  be  taken  (see  Project  5),  and  the 
reproductive  condition  of  mares  should  be  checked  in  the  appropriate 
season. 


Project  2.  Food  Consumption  Rates  and  Nutrition  of 
Wild  and  Free-Rociming  Horses  and  Burros 
and  Their  Associated  Species 


Rationale 

Knowledge  of  animal  impacts  on  plant  communities  addresses  only 
half  of  the  complex  question  of  grazing  animal  management.  The  range 
manager  must  also  understand  the  autecological  limitations  on  animal 
production.  Studies  of  this  nature  provide  the  critical  link  between 
the  plant  community  and  the  demographic  response  of  the  animal 
population  in  question.  Considerable  research  has  been  conducted  on 
the  nutrition  and  feeding  ecology  of  sheep  and  cattle  (e.g.,  Cook  and 
Harris  1968;  Cook  and  others  1953,  1962,  1967),  mule  deer  (e.g.,  Dietz 
and  Nagy  1976,  Smith  1952,  Smith  1959,  Hansen  and  Reid  1975)  , and 
pronghorn  antelope  (e.g.,  Beale  and  Smith  1970,  Mitchell  and  Smoliak 
1971,  Severson  and  May  1967,  Severson  and  others  1968).  However, 
little  comparable  work  has  been  done  on  either  the  horse  or  burro 
under  range  conditions. 

Virtually  no  information  exists  on  daily  forage  intaxe  by  horses. 
This  information  is  critical  in  that  it  enters  into  calculation  of 
grazing  capacities  under  the  BLM's  forage  allocation  system,  and  it 
supplies  the  quantitative  perspective  for  any  nutritional  evaluation 
of  habitat. 

From  an  experimental  and  technical  point  of  view,  studies  on 
nutritional  value  (i.e.,  chemical  composition)  of  range  forage 
ingested  by  grazing  horses  and  studies  on  forage  intake  can  logically 
be  integrated  and  can  proceed  simultaneously.  However,  the  dietary 
chemical  composition  has  secondary  priority  and  could  be  delayed  or 
deleted  if  necessary.  Studies  on  food  habits  can  also  be  integrated 
into  such  an  inquiry,  and  the  data  can  be  easily  obtained  in 
conjunction  with  work  on  nutrition  and  intake.  All  of  these 
components  ate  presented  as  objectives  on  the  assumption  that  they 
will  proceed  simultaneously  under  a single  experimental  design. 


Objectives 

1.  Determine  seasonal  bot^u^ical  composition  of  diets  in  relation 
to  kinds  and  amounts  of  available  forage. 

2.  Determine  daily  forage  intake  as  related  to  animal  size  and 
physiological  status  (i.e.,  maintenance,  gestation,  lactation)  and  to 
kind  and  amounts  of  available  forage. 

3.  Determine  nutritional  value  of  the  diet  as  related  to 
animals'  nucritional  demands  and  as  affectea  by  season  and  kinds  and 
amounts  of  available  forage.  Major  attention  should  be  given  to 
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dietary  nitrogen/  phosphorus,  digestible  energy  content,  and  fiber 
components  according  to  the  system  of  Van  Soest  (1967) . 


Methodology 

1.  Objectives  in  this  study  can  be  met  by  using  domestic  horses 
and  tractable  livestock  (cows  or  sheep)  as  experimental  subjects. 

2.  Diets  should  be  determined  by  a technique  other  than  fecal 
analysis.  Use  of  animals  fitted  with  esophageal  fistulae  and 
cannulae,  with  subsequent  microscopic  analysis  of  fistular  extrusa 
(reviewed  by  Theurer  and  others  1976)  is  a valid  technique  that  is 
prooably  feasible  under  the  constraints  of  the  present  design. 
Alternatively,  a bite-count  technique  (Wallmo  and  Neff  1970)  or  a 
suitable  modification  thereof  would  be  appropriate  if  carefully 
controlled  and  validated  with  a proven  procedure,  such  as  the 
fistulated  animal  technique.  These  specifications  do  not  preclude  the 
use  of  the  fecal -analysis  technique.  Indeed,  this  study  would  provide 
an  opportunity  to  validate  it  under  field  conditions.  However,  it 
should  not  be  relied  upon  as  the  sole  procedure,  since  its  accuracy 
and  precision  are  presently  subject  to  question  (Smith  and  Shandruck 
1979,  Vavra  and  others  1978). 

3.  Diets  should  be  sampled  on  at  least  a monthly  basis  during 
times  when  animals  inhabit  the  particular  range  being  studied. 

Detailed  information  on  forage  available  (such  as  that  derived  from 
Project  8,  the  "grazing  impacts"  study)  should  be  obtained  in 
conjunction  with  dietary  sampling. 

4.  Nutritional  value  of  diets  should  also  be  studied  on  a 
monthly  basis,  and  such  studies  could  be  linked  with  diet-analysis 
studies,  as  outlined  under  objective  1 above.  Laboratory  analysis  of 
samples  obtained  either  from  animals  (via  fistulae)  or  by  hand 
plucking  should  include  as  a minimum;  dry  matter,  nitrogen  (crude 
protein),  phosphorus,  gross  energy,  cell  walls,  cellular  constituents, 
and  lignin. 

5.  In  addition,  estimates  of  forage  digestibility  should  be 
obtained  for  ruminant  species  grazing  with  horses.  In-vitro 
techniques  are  recommended,  preferably  those  of  Tilley  and  Terry 
(1963).  However,  since  in-vitro  procedures  have  apparently  not  been 
perfected  for  equid  species,  a limited  number  of  in-vivo  digestion 
trials  with  horses  will  be  required.  Such  trials  should  employ 
classical  techniques  in  which  penned  animals  are  fed  controlled 
quantities  and  total  feces  are  collected.  The  major  forage  species 
constituting  the  seasonal  diets  of  horses  should  be  fed  in  mixtures 
approximating  the  proportions  normally  ingested  by  the  animals  (as 
determined  under  objective  1,  above) . This  approach  is  limited  by  the 
Logistics  of  harvesting  suitable  quantities  of  native  forages  for 
feeding  trials.  However,  alternative  methods  such  as  the  lignin-ratio 
method  appear  undependable.  These  trials  will  offer  the  opportunity 
for  development  of  in-vitro  procedures  directly  applicable  to  equid 
species.  This  technique  development  should  be  pursued,  as  the 
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pote..tial  payoff  is  large  in  relation  to  the  small  marginal  investment 
of  research  time  and  funds. 

6.  Forage  intake  by  the  grazing  animal  should  be  measured  by  tne 
procedure  of  Garrigus  and  Rusk  (1939) , described  by  the  equation; 

Dry  matter  * (Fecal  output  - % dry  matter)  x 100 

intake  100  digestibility 

7.  Fecal  output  should  be  measured  using  total  collection 
procedures  with  animals  wearing  fecal  collection  bags.  Alternatively, 
indicators  of  indigestibility  (e.g.,  Cr203  or  appropriate 
rare-earth  compounds)  can  be  used  to  estimate  fecal  output  if 
adequately  validated  and  quamtitated. 

3.  Intake  studies  on  horses  should  focus  on  the  reproductive 
female  and  the  field  experiments  should  be  phased  so  that  they  cover 
the  three  major  physiological  phases:  maintenance,  gestation 

(especially  the  last  trimester  of  pregnancy) , and  lactation. 


Project  3.  Nutritional  Plane,  Condition  Measures,  and 
Reproductive  Performance  in  Domestic  Mares 


Rationale 

The  nutritional  condition  of  the  female  is  considered  to  be  of 
primary  importance  to  estrus,  ovulation,  and  early  survival  of  the 
offspring  from  conception  to  weaning.  The  rate  at  which  offspring  are 
produced  is  a critical  demographic  parameter  when  estimating  rates  of 
population  increase.  If  levels  of  energy  and  nitrogen  intake  can  be 
successfully  linked  with  reproductive  success,  and  these  levels  of 
response  can  be  predicted  by  measures  of  condition  of  the  animal,  then 
the  ability  to  estimate  reproductive  rate  from  range  condition  or 
nutritional  condition  of  the  animals  is  greatly  enhanced. 


Objectives 

1.  Determine  the  relationship  between  the  nutritional  plane  of  a 
mare  and  the  probability  that  she  will  produce  a foal. 

2.  Assess  condition  measures  for  their  ability  to  predict  the 
relationship  between  nutrition  level  and  reproductive  success.  Should 
some  condition  measures  prove  to  be  successful  predictors  of 
reproductive  rate,  they  could  be  used  to  estimate  these  rates  in  wild 
populations. 


Methodology 

1.  Confine  groups  of  10  domestic  mares  for  2 years  (or  15  to  20 
if  conducted  in  1 year)  in  each  of  the  nine  blocks  to  be  described 
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belc'.;.  Do  not  use  ponies.  Ideally,  the  study  should  run  for  2 years, 
since  the  given  nutritional  plane  may  have  a cumulative  effect. 
Reproduction  in  one  year  often  reflects  nutrition  from  a previous 
year,  although  acute  nutritional  deprivation  can  delay  onset  of  estrus 
or  perhaps  inhibit  it  completely  if  there  is  no  improvement  in  food 
supply.  The  mares  should  range  in  age  from  4 to  10  years.  The  age  of 
onset  of  estrus  is  a separate  question. 

2.  The  nine  feeding  blocks  are  all  the  possible  combinations  of 
three  levels  of  energy  and  three  levels  of  nitrogen  intake.  This 
nine-block  design  can  be  achieved  in  several  ways: 

a.  Levels  are  set  in  absolute  intake  values  for  energy  and 
nitrogen  and  not  varied  throughout  the  experiment.  This  method  is 
the  simplest  to  conduct.  The  constant  feeding  system  has  the 
advantage  that  a particular  level  of  energy  and  nitrogen  intaxe 
can  be  related  directly  to  success  in  a particular  stage  of 
reproduction. 

b.  Three  levels  of  energy  are  fed,  simulating  various  winter 
conditions.  After  "winter,"  each  of  these  three  groups  is  divided 
into  three  groups  and  fed  at  high,  medium,  and  low  spring 
conditions.  This  design  examines  the  nine  possible  conditions  of 
a poor-,  medium-,  or  high-quality  winter  being  followed  by  a 
poor-,  medium-,  or  high-quality  spring.  The  advantage  of  this 
design  is  that  it  simulates  the  real  sequence  of  events  in  wild 
populations  more  accurately  than  would  a constant  ration. 

•However,  the  experiment  will  contain  81  cells  if  the  design 

includes  nitrogen  as  well  as  energy,  and  hence  is  too  large  to 
accomplish  with  a reasonable  effort. 

c.  Nutritional  levels  are  fed  as  some  percentage  of  the  NRC 
requirements  for  maintenance,  gestation,  and  lactation.  In  this 
case  nutritional  intake  at  a particular  level  would  increase 
during  gestation  and  lactation  according  to  some  percentage  of  the 
increment  suggested  by  the  NRC.  The  difficult  aspect  is  to 
establish  the  levels  for  feeding  the  nutrients.  Investigators 
might  choose  to  employ  conditions  existing  on  very  good  and  very 
poor  ranges  and  to  include  an  intermediate  level. 

d.  Nutritional  levels  are  set  as  a percentage  of  dry  weignc 
and  horses  are  fed  ad  libitum.  This  technique  allows  the  horse  to 
respond  naturally  to  poor  food  by  increasing  its  intake.  The 
percentage  of  dry  matter  as  a measure  of  nutritional  level  is  more 
easily  translated  into  range  conditions  than  other  measures  used 
in  the  three  previous  designs.  The  horses  will  not  be  on  a 
constant  plane  of  nutrition  and  the  establishment  of  high,  medium, 
and  low  nutritional  levels  will  be  difficult.  However,  some 
preliminary  feeding  trials  might  establish  the  capability. 

3.  The  following  reproductive  parameters  should  be  measured  to 
establish  quantitative  relationships  between  nutritional  plane  and 
reproductive  success,  which  may  then  be  used  for  demographic  models  of 
specific  r anges : 
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a.  Estrus  (onset  and  behavior) 

b.  Ovulation  rate  (rectal  palpation) 

c.  Number  of  estrus  cycles  before  pregnancy  (behavior  and 
progesterone) , extended  cycles  (prolonged  corpora-lutea 
life) . 

d.  Conception 

e.  Implantation  rate  (rectal  palpation,  PMSG,  progesterone) 

f.  Embryonic  loss  (PMSG,  progesterone,  urinary  estrogens) 

g.  Foaling  rate  (count  live  abortions  and  stillbirths) 

h.  Length  of  gestation  (dates  of  breeding) 

i.  Parturition  (independent  or  requiring  assistance, 
duration  of  birth) 

j . Weight  of  foal  at  birth 

k.  Lactation  behavior  (ability  to  nurse,  acceptance  by  mare) 

l.  Nutritional  composition  of  milk  (colostrum  at  2 and  6 
weeks,  protein,  fat,  carbohydrate) 

m.  Milk  production  (probably  difficult  to  quantify) 

n.  Foal  growth  and  behavior  (weekly  weight,  withers  height, 
etc.,  and  simple  estimate  of  activity  level). 

4.  Condition  measures  should  be  made  every  2 weeks  in  order  to 
establish  measures  that  correlate  with  empirical  intake  data,  general 
condition  measurements,  reproductive  parameters,  and  seasonal 
variation.  These  standards  would  allow  evaluation  of  particular  wild 
herds  and  assist  demographic  projections  of  population  changes. 
Recommended  tests  are: 

a.  Hematology  (CBC) 

b.  Chemistry  (serum  urea  nitrogen,  glucose,  triglycerides, 
serum  protein  and  albumin,  uric  acid,  bilirubin,  free 
fatty  acids  (NEFA) , CPK,  ketones,  haptoglobin, 
transferrin) 

c.  Hair  bulb  diameter. 

5.  Behavioral  sampling  should  be  performed  for  the  following 

purposes:  determining  activity  levels  so  that  nutritional  levels  can 

be  accurately  generalized  to  free-roaming  populations,  whose  activity 
levels  are  likely  to  be  different;  correlating  differences  in 
reproductive  performance  and  condition  to  activity  measures;  and 
comparing  nutritional  treatment  effects  on  activity. 

a.  Specific  behavioral  sampling:  When  females  in  the 

experiment  are  mated,  behavioral  samples  identical  to  those  used 
in  the  contraceptive  experiment  (Project  18)  will  be  recorded. 

These  data  will  show  how  the  nutritional  plane  affects  the 
sequence  of  sexual  behaviors  between  the  stallion  and  the  mare. 

b.  Focal  animals:  The  groups  for  this  experiment  will  be 

composed  of  mares  from  each  nutritional  group  and  an  experienced 
stallion. 
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c.  Sampling  schedule;  The  sampling  schedule  should  take 
place  primarily  during  the  breeding  season  so  that  good  activity 
profiles  are  available  for  different  phases  of  the  breeding  cycle. 

d.  Specific  behavioral  samples;  Behavior  of  the  animals  is 
important  to  the  determination  and  function  of  their  social  groups 
and  to  successful  breeding.  Since  nutrition  affects  the 
reproductive  success  of  the  animal r it  will  be  essential  to 
measure  the  differences  in  behavior  between  nutritional  groups  to 
determine  the  sensitive  points  in  the  reproductive  cycles.  The 
effect  of  behavioral  changes  in  individuals  on  the  group's  social 
dynamics  might  be  monitored  and  the  ecological  and  management 
implications  of  these  effects  can  be  suggested. 

e.  Sampling  scheme;  Besides  the  activity  and  frequency  of 
social  behavior  sampled  by  PSP  (see  project  6)  method,  the 
reproductive  behavior  needs  to  be  sampled  in  detail.  Reproductive 
behavior  can  be  divided  into  functional  categories.  These 
divisions  are  established  because  breakdown  in  the  reproductive 
act  can  be  attributed  either  to  the  mare  or  the  stallion  and  the 
point  at  which  failure  occurs  can  be  assigned  to  a particular 
phase  of  the  reproductive  interaction.  The  objective  of  this 
sample  will  be  to  monitor  behavior  of  mares  of  different 
nutritional  planes  and  that  of  their  stallions  to  determine 
differences  in  each  of  these  functional  categories.  Differences 
can  then  be  related  to  failure  of  behaviors  at  these  stages  of 
reproductive  sequence.  Continuous  focal  samples  should  be  taken. 
The  timing  of  the  samples  and  their  intensity  can  be  determined  by 
the  researcher.  The  continuous  samples  will  record  the  occurrence 
of  sexual  behaviors  upon  a time  record.  From  these  s^unples  the 
rates  of  behavior  can  be  calculated  and  tested  against  estimates 
for  wild  populations. 

Spacing  data  will  provide  information  on  the  distance  maintained 
between  individuals  in  the  groups.  Such  data  can  be  taken  at  a point 
in  time  where  the  distances  and  identity  of  the  individuals  are 
recorded.  These  Scuaples  would  be  taken  at  the  beginning  and  end  of 
all  half-hour  PSP  samples.  These  data  will  allow  a comparison  not 
only  of  sexual  states  but  also  of  dominance  rank.  Spatial 
displacements,  usually  a reliable  indicator  of  relative  dominance 
between  individuals,  will  be  recorded  as  part  of  the  continuous  focal 
samples. 


Project  4.  Blood  Assay  of  Experimental  Equids  and  Livestock 
in  Projects  1,  2,  3,  5,  and  3. 


Rationale 

It  has  been  suggested  above  that  various  blood  characteristics 
might  be  used  to  provide  sensitive  emd  easily  obtained  indices  of 
nutritional  plane.  These  could,  on  the  one  hand,  be  used  as 
predictors  of  the  animals'  demographic  performance,  and  on  the  other 
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hand,  as  indicators  of  the  range  condition.  This  project  reconunends 
routine  blood  sampling  and  assay  on  experimental  animals  described  in 
Projects  1,  2,  3,  5,  and  8 to  test  the  utility  of  these  measures  in 
describing  ecological  and  nutritional  characteristics. 


Objectives 

1.  Systematically  collect  blood  seunples  during  habitat- 
interaction  studies  from  cattle  and  horses  for  hematology  and 
chemistry  assays  to  provide  independent  evaluation  of  animal  condition 
and  to  establish  correlates  with  range-condition  evaluations. 

2.  Systematically  collect  blood  samples  during  range-nutrition 
studies  and  assay  to  establish  correlates  with  condition  and  known 
levels  of  food  intake  and  utilization. 

3.  Systematically  collect  blood  samples  from  mares  in  the 
reproductive-performance  study  to  establish  correlates  with  condition, 
reproductive  success,  and  mechanisms  of  reproductive  suppression. 


Methodology 

1.  At  each  sampling,  extract  50  ml  of  blood  from  the  jugular  vein 
of  animals  that  are  roped  and  pole-restrained,  immobilized  in  chutes, 
or  drugged.  The  procedures  are  well-known  and  are  commented  upon  by 
Kirkpatrick  and  others  (1979a)  in  his  article  on  restraint  procedures 
for  evaluation  of  stress.  If  drugs  are  used,  they  must  be  identified 
and  specified,  since  the  various  immobilization  drugs  have  an  impact 
upon  laboratory  studies  (excluding  genetic  studies) . In  particular, 
xylazine  (Rompun* , Chemgro  Corp.)  should  be  avoided  if  the  clinical 
metabolic  studies  for  evaluation  of  condition  are  to  be  performed, 
since  its  administration  results  in  a steady  increase  in  olood  urea 
and  blood  glucose  for  a period  of  4 to  6 hours.  It  also  would  be 
desirable  to  collect  the  samples  from  the  animals  as  soon  after 
capture  and  handling  as  possible,  and  certainly  before  they  are 
transported  to  more  permanent  holding  facilities  and  fed.. 

2.  Samples  should  be  preserved  until  assay  by  a single  laboratory 
to  minimize  interlaboratory  variation.  Procedures  should  be 
established  to  document  quality  control,  including  reproducibility  and 
accuracy.  A high  degree  of  laboratory  precision  can  be  achieved  in 
each  of  the  assays  listed  below  and  excellent  procedures  and  equipment 
are  available  for  this  purpose. 

3.  Approximately  2 ml  of  the  sample  should  be  drawn  into  a tube 
containing  SDTA  (ethylenediaminotetraacetate)  as  an  anticoagulant  for 
hematology,  5 ml  into  heparin  for  preparation  of  red  cells  and  plasma 
for  molecular  genetic  studies,  5 ml  into  Alsevier's  solution  for  blood 
group  typing,  and  the  remainder  into  untreated  tubes  for  preparation 
of  serum. 

4.  The  following  blood  assays  should  be  evaluated  for  correlation 
with  measures  of  animal  nutritional  condition,  evaluation  of  range 
condition,  measures  of  reproductive  success,  and  estimation  of  the 
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presence  of  disease;  serum  urea,  hematocrit  and  hemoglobin 
concentration,  serum  protein  concentration,  haptoglobin,  creatine 
phosphokinase , triglycerides,  uric  acid,  bilirubin,  free  fatty  acids 
and  ketones,  white  cell  count  and  differential,  transferrin,  and 
various  special  clinical  studies  (serology) . 


Project  5.  Demography  of  Wild  Horses  and  Burros 


Rationale 

It  is  clear  from  the  discussion  on  demography  in  the  first  part  of 
this  chapter  that  the  particulars  of  this  aspect  of  wild  horse  and 
burro  biology  are  not  well  known.  We  have  seen  that  the  basic 
demographic  parameters  of  (a)  age-specific  fecundity,  (b)  first-year 
survival  rates,  (c)  adult  survival  rates,  (d)  age  structure,  and  (e) 
sex  structure  are  known  only  by  the  roughest  approximation,  and  are 
often  based  on  extremely  small  samples  that  make  for  an  equally  low 
precision  of  estimate.  Even  less  well-known  are  the  ranges  of 
variation  in  these  parameters  and  the  role  of  such  environmental 
variables  as  weather /climate,  forage  condition,  nutrition,  competition 
with  other  herbivores,  and  population  density  in  producing  this 
variation. 

BLM  officials  have  frequently  accorded  demography  a high  priority 
among  the  research  needs  on  horses  and  burros.  While  we  have  not 
asked  the  reasons  for  this  ranking,  we  surmise  that  the  research  is 
desired  to  dispel  the  disagreement  over  BLM's  stated  rates  of 
population  increase,  and  in  general  to  resolve  the  question  of 
population  growth. 

The  relevance  of  demographic  understanding  to  an  equid  management 
program  depends  on  the  level  of  management.  At  its  least  intensive, 
such  understanding  is  not  essential.  Once  a decision  is  made  for  a 
given  tract  of  land  on  how  much  forage  is  to  be  allocated  to  equids, 
and  on  the  population  level  that  this  implies,  the  population  can 
simply  be  held  at  this  level.  Assuming  that  the  census  method  is 
valid,  the  population  can  be  counted  annually,  or  at  some  other 
interval.  As  its  numbers  exceed  the  desired  level,  the  excess  can  be 
removed  periodically  irrespective  of  what  the  increase  rate  may  be. 
Another  situation  in  which  there  is  no  need  to  know  increase  rates  is 
if  some  populations  are  allowed  to  limit  themselves,  irrespective  of 
their  impacts  on  the  ecosystem. 

At  a slightly  more  sophisticated  management  level,  if  the 
approximate  rates  of  increase  are  known,  then  needed  removal  rates  can 
be  anticipated.  Reduction  operations  can  be  planned  well  in  advance. 

A considerably  more  knowledgeable  program  would  incorporate  a 
thorough  understanding  of  equid  biology  and  of  the  relationships 
between  environmental  variables  and  demographic  performance.  The  fact 
that  performance  would  probably  vary  from  herd  to  herd,  and  from  year 
to  year — as  well  as  the  causes  of  the  variation — would  be  understood 
and  anticipated.  Such  a program  would  result  in  a more  insightful  and 
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syrop’Chetic  understanding  of  equid  management.  It  would  also  have 
some  predictive  capability. 

The  Committee  is  divided  on  its  own  assessment  of  priority  for 
demographic  research.  Those  who  accord  it  low  priority  do  so  on 
pragmatic  grounds.  A limited  research  commitment,  in  t.his  group's 
view,  would  not  add  materially  to  what  is  now  known.  To  refine  by  a 
few  percentage  points  the  survivorship  estimates,  or  sharpen  soraewnat 
the  fecundity  parameters,  would  not  alter  the  basic  picture  of 
increase  rates  developed  in  the  earlier  demography  section.  On  the 
other  hand,  the  mounting  of  a research  program  sufficient  to  delineate 
precisely  the  range  of  variation  in  these  parameters  that  occurs 
between  areas  and  years — as  well  as  the  functional  relationships 
between  that  range  and  associated  environmental  causes — would  entail  a 
cost  beyond  the  resources  likely  to  be  available  for  such  research. 

Those  who  assign  high  priority  to  demographic  research  contend 
that  the  parauneters  are  too  poorly  known  for  workers  to  have  any 
confidence  in  the  present  level  of  understanding  of  equid  demography 
and  in  the  various  calculations  of  herd  increase.  Any  increase  in 
precision  over  what  is  now  known  would  be  a gain  and  worth  the  cost. 

Among  the  parameters  to  be  measured,  there  would  appear  to  be  some 
grounds  for  assigning  priorities  on  the  basis  of  (a)  cost,  (b)  present 
level  of  understanding,  and  (c)  the  extent  to  which  more  information 
would  contribute  to  the  present  level  of  understanding.  Evaluations 
of  these  three  measures  are  presented  below  for  each  parameter. 

1.  Age-specific  fecundity 

a.  Least  costly.  Could  be  elucidated  as  outlined  under 
"Methodology,"  below. 

b.  Inadequately  known  at  present.  Because  it  may  be  one  of 
the  parameters  more  sensitive  to  environmental  factors,  it  may 
therefore  be  one  of  the  more  variable  parameters,  especially  in 
burros. 

c.  An  increased  data  base  would  refine  the  present  estimates 
and  could  give  some  understanding  of  the  range  of  variation  and 
its  relationship  to  environmental  conditions. 

2 . First-year  survival 

a.  Extremely  costly,  especially  if  designed  to  provide  a 
good  understanding  of  the  range  of  variation  and  associated 
environmental  causation. 

b.  Perhaps  the  least  understood  parameter  at  present,  and 
one  that  is  likely  to  be  highly  sensitive  to  environmental 
variation,  especially  in  burros,  and  therefore  highly  variable 
within  and  between  populations. 

c.  The  value  of  an  increased  data  base  would  depend  on  the 
scope  of  the  research.  Just  to  measure  first-year  survival  for  1 
or  2 years  in  a few  populations  would  not  add  substantially  to 
what  is  now  known.  We  currently  have  a range  of  scattered, 
first-year  survival  estimates,  crude  though  they  may  be.  The  next 
higher  level  of  understanding  will  come  when  we  have  measured  the 
range  within  each  of  an  array  of  populations,  along  with 
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’neasurements  of  the  relevant  environmental  variables.  Such  a 
study  would  involve  a commitment  to  several  years  of  research  in 
each  of  a number  of  populations,  and  would  ultimately  allow 
formulation  of  the  functional  relationships  involved. 

3.  Adult  survival. 

a.  Costly. 

b.  Poorly  known,  but  one  that  is  probably  least  sensitive  to 
environmental  variation  and  therefore  least  variable  within  and 
between  populations. 

c.  An  increased  data  base  would  refine  the  present 
estimates,  but  would,  in  the  opinions  of  some  (but  not  all) 
members  of  the  Committee,  not  add  a great  deal  to  present  levels 
of  understanding. 


Objectives 

The  objectives  of  this  project  are  to  measure  age-specific 
fecundity  rates,  first-year  survival  rates,  and  adult  survival  rates 
to  two  different  levels  of  precision.  The  more  definitive  level  will, 
of  course,  be  the  more  costly. 

Level  1;  Obtain  an  array  of  measurements  more  precise  than  those 
currently  available  from  a number  of  different  populations. 

Level  2 : Obtain  a series  of  measurements  in  each  of  a number  of 

populations  to  determine  the  range  of  variation  in  each,  and  to 
correlate  those  with  relevant  environmental  variables. 

Methodologies  for  each  of  the  three  rates  are  described  for  Levels  1 
and  2 in  the  following  section. 


Methodology 

1.  Age-Specific  Fecundity  Rates,  Level  1;  Determine  pregnancy 
and  corpus-luteum  rates  by  rectal  palpation  of  horses  and  burros 
captured  in  the  course  of  herd-reduction  efforts,  or  by  autopsy  of 
burros  shot  on  national  parks  and  monuments.  Observations  would  need 
to  be  made  in  late  winter  or  early  spring  in  the  case  of  horses  and 
seasonally  breeding  burro  populations,  and  perhaps  again  in  the  fall 
in  burro  populations  breeding  year-round. 

2.  Age-Specific  Fecundity  Rates,  Level  2;  Ideally,  the  range  of 
variation  between  years — within  and  between  populations — would  be 
determined  by  rounding  up  the  individuals  within  studied  populations 
each  year,  palpating  them,  and  releasing  them.  Level  of 
precision — i.e.,  the  confidence  intervals  around  the  estimates — would 
be  decided  upon  before  sampling,  and  this  factor,  along  with  prior 
measures  of  variability  of  the  measured  parameters,  would  dictate  the 
sample  sizes  needed.  Concurrently,  weather  records  would  be  kept;  the 
condition  of  the  ranges  occupied  by  the  herds  would  be  measured 
annually;  blood  assays  (Project  3)  would  be  taken  of  the  sampled 
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animals ; and  the  total  populations  would  be  censused  to  provide 
measures  of  population  density.  Numbers  of  potentially  competing 
ungulates  should  be  determined r along  with  total  forage  available  and 
its  allocation  to  all  herbivores  present.  Properly,  each  herd  should 
be  studied  in  this  way  for  not  less  than  5 or  6 years,  and  preferably 
10. 

If  this  ideal  is  not  possible,  then  some  level  intermediate 
between  it  and  Level  1 could  be  achieved  by  recording  range  condition, 
weather  pattern  in  the  10  to  12  months  prior  to  sampling,  and 
population  density  for  the  locales  in  which  each  roundup  providing 
animals  for  Level  1 studies  is  carried  out.  In  addition,  blood  assays 
should  be  taken  from  the  animals  that  are  palpated  and  from  males  and 
young  females  in  the  herds.  This  collective  information  could  not 
only  give  fecundity  estimates  that  are  more  precise  than  those 
currently  available,  but  could  also  provide  background  environmental 
information  with  which  to  relate  them. 

3.  First-year  survival  rates.  Level  1;  Determine  first-year 
survival  rates  by: 

a.  Rounding  up  samples  of  animals  from  within  populations; 

b.  Palpating  females  in  study  design  (1) , above; 

c.  Placing  radio  transmitters  on  pregnant  animals; 

d.  Releasing  the  telemetered  mares,  locating  them 
periodically  from  the  ground  or  air  during  the  year 
after  birth  of  their  young,  and  determining  which  ones 
have  foals  surviving  through  the  year;  and 

e.  Predetermining  sample  sizes  by  deciding  on  the  desired 
level  of  precision  beforehand. 

A scattering  of  1-  or  2-year  studies  in  different  populations  should 
give  some  idea  of  the  range  of  values  for  this  parameter,  and  provide 
more  precise  estimates  than  are  now  available. 

4.  First-year  survival  rates.  Level  2:  Determine  the  range  of 

variation  within  and  between  populations  in  first-year  survival  rates 
and  the  environmental  causes  of  that  variation  by: 

a.  Measuring  first-year  survival  rates  as  in  study  design 
(3)  each  year  in  each  of  several  populations  for  at 
least  5 to  6 years,  and  preferably  10. 

b.  Recording  each  year  the  condition  of  the  home  range  of 
each  population;  maintaining  weather  records;  taking 
blood  assays  of  the  studied  animals  as  they  are  caught, 
palpated,  and  telemetered;  and  censusing  each  population 
annually.  Determine  numbers  of  potentially  competing 
ungulates,  total  forage  available,  and  its  allocation  to 
all  herbivores  present. 

5.  Adult  survival  rates.  Level  1:  Determine  adult  survival  rates 

by: 

a.  Rounding  up  samples  of  animals  from  within  populations. 

b.  Placing  radio  transmitters  on  pregnant  animals. 
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c.  Releasing  the  telemetered  animals,  locating  them 
periodically  from  the  ground  or  air  during  the  year,  and 
determining  which  ones  are  still  alive. 

d.  Predetermining  samples  sizes  by  deciding  on  the  desired 
level  of  precision  beforehand. 

A scattering  of  1-  or  2-year  studies  in  different  populations  should 
give  some  idea  of  the  range  of  values  for  this  parameter,  and  provide 
more  precise  estimates  than  are  now  available. 

6.  Adult  survival  rates.  Level  2;  Determine  the  range  of 
variation  within  and  between  populations  in  adult  survival  rates  and 
the  environmental  causes  of  that  variation  by: 

a.  Measuring  adult  survival  rates  as  in  study  design  (5) 
each  year  in  each  of  several  populations  for  at  least  5 
to  6 years,  and  preferably  10. 

b.  Recording  each  year  the  condition  of  the  home  range  of 
each  population;  maintaining  weather  records;  taking 
blood  assays  of  studied  animals  as  they  are  caught, 
palpated,  and  telemetered;  and  censusing  each  population 
annually.  Determine  numbers  of  potentially  competing 
ungulates  present,  total  forage  available,  and  its 
allocation  to  all  herbivores  present. 

c.  Predetermining  sample  sizes  by  deciding  on  the  desired 
level  of  precision  beforehand. 

7.  Adult  survival  rates,  a third  approac.h:  A great  deal  of 

age-structure  data  exists  from  the  roundups.  As  shown  in  the 
demography  discussion  in  the  first  part  of  this  chapter,  survivorship 
can  be  calculated  from  such  data,  although  the  met.hod  contains  certain 
biases  and  demands  large  samples.  A knowledge  of  population  trend  is 
also  vital  to  its  use.  The  available  data  should  be  explored  further 
in  populations  that  are  censused  annually,  and  ideally  in  those  being 
studied  by  methodologies  5 and  6,  so  that  results  of  the  latter 
studies  can  be  used  as  a check. 


Project  6.  Social  Structure,  Feeding  Ecology,  and  population 
Dynamics  of  Wild  euid  Free-Roaiming  Horses  and  Burros 


Rationale 

Data  on  demographic  patterns,  feeding  ecology,  and  population 
dynamics  are  important  to  determining  what  constitutes  a healthy  and 
viable  breeding  population  of  wild  equids  that  will  also  permit 
maintenance  of  vegetation,  soil,  and  water  resources.  Social 
structure,  distribution  and  movement,  and  breeding  patterns  are 
particularly  important  to  interpreting  data  on  genetic  variability  and 
the  potential  effect  of  different  cropping  schemes  on  the  genetic 
structure  and  viability  of  a population.  Since  activity  levels 
determine  part  of  nutritional  requirements,  enclosure  studies  will  be 
insufficient  for  determining  habitat  preference  and  use,  grazing 
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impacts  on  range-plant  communities,  food-consumption  rates  and 
nutrition,  and  impact  on  riparian  water  quality  of  wild  and 
free-roaming  horses  and  burros. 

In  order  to  relate  the  findings  on  nutritional  condition  in  the 
enclosure  animals  to  those  on  the  open  range  it  will  be  essential  to 
compare  the  level  of  activity  between  study  groups,  so  as  to  make 
realistic  generalizations  concerning  the  feeding  and  nutrition 
experiments.  If  one  is  to  understand  the  social  effects  of 
contraception  in  equids  (see  Project  18)  it  is  necessary  to  have  ' 
comparable  measures  of  the  behavior  of  experimental  animals  and  wild 
animals.  If  there  is  a lack  of  comparability  between  studies,  then 
the  ability  of  researchers  to  generalize  their  experimental  findings 
to  wild  populations  will  be  severely  limited. 

A major  point  of  controversy  is  the  rate  of  increase  in  horses  and 
burros,  it  is  extremely  important  to  document  and  integrate  in 
free-roaming  populations  (a)  population  size  and  structure  in  terms  of 
sex,  age  class,  and  social  grouping;  (b)  daily  activity  pattern, 
feeding  ecology,  and  energetics;  (c)  seasonal  movements  and  home-range 
utilization;  (d)  nutritional  level;  and  (e)  age-specific  reproduction 
and  mortality. 


Objectives 

1.  Determine  the  social  structure,  seasonal  habitat  preferences, 
and  vegetation  and  water  utilization  of  free-roaming  equids  on  public 
lands. 

2.  Determine  the  daily  activity  pattern  and  dietary  composition 
in  relation  to  age,  sex,  physiological  status  (i.e.,  maintenance, 
gestation,  lactation) , and  climate. 

3.  Assess  nutritional  status  and  general  condition,  and  correlate 
these  with  activity,  reproduction,  and  survival. 

4.  Determine  age-specifc  reproduction  and  survival. 

5.  Investigate  the  applicability  of  contraception  as  a means  of 
managing  wild  equid  populations. 


Methodology 

1.  Establish  three  study  areas  each  for  wild  horses  and  burros. 

In  order  to  have  the  broadest  possible  application,  research  should  be 
performed  on  populations  that  are  not  manipulated  (i.e.,  cropped). 

One  study  area  should  be  located  in  what  is  considered  the  most 
"marginal"  habitat.  Another  area  should  be  located  in  typical 
habitat,  but  be  used  to  investigate  the  effect  of  contraceptive 
devices  on  social  behavior,  spacing,  feeding  ecology,  and  populaton 
dynamics  of  free-roaming  equids. 

2.  For  determining  daily  activity  patterns  and  energetics,  we 
recommend  that  at  least  the  following  data  be  recorded.  Recorded 
information  is  to  reflect  activity  states  that  provide  data  for 
calculating  both  energy  budgets  and  social  behaviors  characterizing 
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the  cates  and  directions  of  social  interactions  (i.e.,  who  does  what 
to  whom) . The  following  categories  are  to  be  scored:  standing, 

standing  eyes  closed,  lying  down,  walking,  trotting,  running,  feeding, 
urinating,  defecating,  grooming,  and  social  interactions.  The  term 
social  interactions  covers  a multitude  of  what  are  often 
species-specific  behaviors  and  which  will  require  precise  and  common 
definitions  across  experiments.  Researchers  involved  in  these  studies 
should  be  required  to  standardize  these  definitions  after  initial  work 
has  begun. 

Point  samples  on  these  categories  should  be  taken  for  30  minutes 
each  hour  from  0600  to  1800  (light  permitting) , once  every  2 weeks. 
Points  are  recorded  every  2 minutes  within  the  30-minute  sample.  Two 
minutes  has  been  chosen  as  being  a sufficiently  long  period  for  a 
trained  observer  to  record  behaviors  and  identify  individuals  for  a 
scan  point  Seunple  of  up  to  5 or  6 focal  animals,  while  providing  a 
reasonable  number  of  sample  points.  At  the  beginning  and  end  of  each 
30-minute  sample,  inter individual  spacing,  location,  habitat,  and 
climatic  data  are  to  be  recorded. 

In  horses,  focal  auiimals  should  include  at  least  one  dominant 
male,  two  females,  one  subordinate  male,  and  one  foal.  Ideally,  in 
horses,  this  group  of  focal-scan-point  seunples  should  be  done  on  the 
same  day,  to  provide  daily  profiles  and  to  allow  the  determination  of 
interdependence  of  behaviors  within  the  day.  For  burros,  whose  groups 
are  not  as  spatially  coherent,  samples  cannot  be  simultaneous  on 
different  classes  of  animals.  In  burro  studies,  animals  should 
include  one  territorial  male,  one  nonterritorial  male,  two  females, 
and  one  foal.  In  the  contraception  study  (see  below)  one  of  the  two 
females  should  be  "contraceptive"  and  the  other  "normal." 

3.  The  sampling  scheme  for  monitoring  detailed  feeding  behavior 
is  to  be  a continuous  focal-animal  sample.  Data  are  to  be  recorded  on 
an  animal  in  a continuous  timed  sequence.  The  schedule  for  sampling 
is  identical  to  the  FSP  schedule.  Data  are  recorded  on  one  individual 
for  30-minute  periods  of  each  hour  from  0600  to  1300.  In  these 
samples  the  onset,  termination,  and  sequence  of  all  behaviors 
(categories  recorded  for  the  FSP  amd  reproductive  behavior  samples) 
are  recorded  on  a reail-timed  record.  The  identity  and  size  of  all 
plants  and  plant  parts  eaten  are  recorded. 

This  detailed  record  is  necessary  to  understand  the  basis  of 
dietary  selection  in  the  horse  auid  to  measure  changes  in  feeding 
response  when  inter-  and  intraspecific  competition  occurs.  The 
detailed  data  on  food  intake  are  also  necessary  to  estimate  energy  and 
nutrient  balances  in  animals  whose  fecal  output  is  collected.  For 
both  of  these  calculations  it  is  necessary  to  know  not  only  what  is 
eaten,  but  to  know  specifically  the  rates  at  which  forage  species  are 
eaten,  the  quantities  ingested  as  a function  of  time,  the  sequence  of 
ingestion  through  the  day,  and  the  diurnal  patterns  of  gross  intake 
rates. 

Spacing  data  should  be  recorded  at  the  beginning  and  end  of  each 
30-minute  sample.  These  data,  coupled  with  displacement  data 
collected  as  part  of  the  continuous  record,  will  allow  dominance 
interactions  to  be  related  to  feeding  behavior. 
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Location,  habitat,  and  climatic  data  should  be  recorded  at  the  end 
o£  each  30-minute  sample.  Data  should  be  recorded  on  the  same  focal 
classes  of  animals  (N  = 5)  as  were  used  for  the  scan-point  sample. 

4.  Besides  the  activity  and  frequency  of  social  behavior  sampled 
by  the  FSP  method,  the  reproductive  behavior  should  be  sampled  in 
detail.  Reproductive  behavior  can  be  divided  into  functional 
cateqories.  These  divisions  are  established  because  breakdown  in  the 
reproductive  act  can  be  attributed  to  either  the  mare  or  the  stallion 
and  the  point  at  which  the  failure  occurred  can  be  assigned  to  a 
particular  phase  of  the  reproductive  interaction,  proceptive 
behaviors  are  those  that  the  female  uses  to  make  her  estrous  condition 
known  to  other  animals.  These  behaviors  include  raising  the  tail, 
urinating  at  high  frequency,  urination  stance,  and  approaching  the 
male  or  altering  her  spacing  relative  to  him.  The  male's  responses  to 
proceptive  behaviors  are  called  attraction  behaviors.  His  approaches, 
spacing  relative  to  the  female,  and  mounting  attempts  signal  his 
perception  of  her  state.  Her  response  to  the  male's  attraction 
behavior  is  termed  reception  and  is  evinced  in  either  acceptamce  or 
rejection  of  mounting  attempts. 

The  object  of  the  sample  will  be  to  monitor  behaviors  of  "normal" 
euid  "contraceptive"  females  amd  their  stallions  to  determine 
differences  in  each  of  these  functional  categories.  Differences  can 
then  be  related  to  failure  of  behaviors  at  particular  stages  of  the 
reproductive  sequence. 

Samples  should  be  continuous  focal  scuaples.  The  timing  of  the 
sample  and  its  intensity  can  be  determined  by  the  researcher.  The 
continuous  samples  will  record  the  occurrence  of  sexual  behaviors  with 
a time  record.  From  these  samples  the  rates  of  behavior  can  be 
calculated  and  tested  against  estimates  for  wild  populations. 

Spacing  observations  give  data  on  the  distance  between  individuals 
of  the  groups.  Such  data  can  be  taken  at  a point  in  time  where  the 
distances  and  the  identity  of  the  individuals  is  recorded.  The 
samples  should  be  taken  at  least  at  the  beginning  and  end  of  all 
30-minute  FS?  samples.  Since  spatial  relationships  often  reflect 
social  relationship,  these  data  will  allow  a comparison  not  only  of 
sexual  states  but  also  of  dominance  rank.  Spatial  displacements, 
usually  a reliable  indicator  of  relative  dominance  between 
individuals,  will  be  recorded  as  part  of  the  continuous  focal  samples. 

5.  Population  size  and  sex  and  age-class  structure  should  be 
monitored  monthly.  Age-specific  reproduction  and  survival  should  also 
be  monitored. 


Project  7.  Genetic  Polymorphism 


Rationale 

Rational  management  of  natural  populations  requires  knowledge  of 
the  genetic  structure  of  the  population.  In  particular,  it  is 
necessary  to  ascertain  the  degree  of  genetic  variation  within  and 
between  populations.  The  amount  of  genetic  variation  in  a population 
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deteiinines  its  "evolutionary  potential,"  and  hence  must  be  preserved 
as  the  fundamental  natural  genetic  reservoir  of  the  species.  The 
process  of  mutation  may  give  rise  to  new  genetic  variations  and  may 
restore  variants  that  have  died  out.  However,  the  process  of  mutation 
is  exceedingly  slow — in  vertebrates  the  typical  rate  at  which  a given 
allele  at  a given  locus  appears  per  generation  is  around  one  in  a 
million  individuals — and  most  new  mutants  are  likely  to  be  lost  by 
random  drift  in  the  first  few  generations  after  their  appearauice  even 
if  they  are  adaptively  favorable.  Hence,  it  becomes  important  to 
preserve  genetic  variation  in  order  to  protect  the  welfare  and 
evolutionary  potential  of  the  species. 

The  genetic  variation  of  a group  of  populations  may  be  present 
more  or  less  equally  in  the  various  populations  or  each  may  have  a 
different  amount.  Which  of  these  situations  obtains  in  a particular 
case  must  be  ascertained,  because  each  one  leads  to  different 
strategies  for  the  preservation  of  genetic  variation.  If  several 
populations  are  nearly  identical  genetically,  the  preservation  of  any 
one  population  (subpopulation)  is  less  important,  because. its  genetic 
endowment  will  also  be  present  elsewhere.  On  the  contrary,  if 
populations  are  genetically  different  from  each  other , the 
preservation  of  genetic  variation  requires  that  every  one  of  the 
differentiated  populations  be  preserved.  In  the  case  of  wild  and 
free-roaming  horses  and  burros,  it  becomes  important  to  study  not  only 
the  wild  populations  but  also  the  domestic  breeds.  For  the  reasons 
just  mentioned,  it  must  be  ascertained  whether  or  not  the  variation 
present  in  the  wild  populations  is  the  same  as  the  variation  present 
in  domestic  animals.  The  comparison  between  domestic  and  wild 
populations  may  also  make  it  possible  to  determine  t.he  ancestry  of  the 
wild  populations. 

None  of  the  required  information  mentioned  is  presently  available. 


Objectives 

1.  Determine  the  euoount  and  kind  of  genetic  variation  per 
population  of  wild  and  free-roaming  horses  and  burros. 

2.  Determine  the  degree  of  genetic  similarity  among  wild  and 
free-roaming  populations  of  horses  and  of  burros. 

3.  Determine  the  degree  of  genetic  similarity  between  wild 
populations  and  domestic  breeds. 


Methodology 

1.  Population  Saunpling.  The  information  gained  with  a given 
amount  of  work  is  maximized  if  the  populations  are  sampled  in  a 
"nested”  fashion.  The  appropriate  model  to  be  followed  should  be 
coordinated  with  other  projects,  because  blood  (and  tissue,  if 
possible)  samples  from  individual  animals  are  needed.  Ideally,  one 
breeding  wild  group  should  be  intensively  studied  (a  sample  of  50  to 
100  animals  might  be  sufficient,  depending  on  the  size  of  the  group) . 
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Two  cr  three  other  breeding  groups  should  be  sampled  within  a given 
region,  but  fewer  animals  (10  to  20)  would  be  needed  from  each  group. 
In  addition,  one  group  from  each  of  the  other  major  regions  (10  to  20 
animals  per  group)  in  which  the  wild  animals  range  should  also  be 
studied.  This  pattern  of  sampling  should  be  followed  for  horses  as 
well  as  for  burros. 

It  will  then  be  necessary  to  compare  wild  animals  with  domestic 
ones.  About  10  animals  for  each  of  the  main  domestic  breeds  should 
suffice,  although  of  course  the  more  animals  that  are  studied,  the 
greater  will  be  the  amount  of  information  obtained.  The  point  is, 
however,  that  more  information  will  be  obtained  by  sampling  a few 
animals  from  each  of  a number  of  breeds  (or  populations)  than  by 
studying  a larger  number  of  animals  from  fewer  groups. 

2.  Genome  Sampling.  In  order  to  obtain  a valid  estimate  of  the 
amount  of  genetic  variation  in  a population,  it  is  necessary  to  study 
a number  of  gene  loci  that  are  randomly  selected  with  respect  to  how 
variable  they  are.  That  is,  it  is  necessary  that  the  probability  of 
including  a given  locus  in  the  sample  be  independent  of  hpw 
polymorphic  the  locus  is. 

Morphological  traits  (such  as  coat  color)  are  generally  useless 
for  this  purpose.  The  reason  is  that  the  genetics  of  morphological 
traits  is  determined  empirically  by  traditional  Mendelian  methods; 
that  is,  by  making  crosses  between  individuals  that  manifest  different 
phenotypes  with  respect  to  the  trait.  The  pattern  of  segregation  in 
the  P*  progeny  allows  one  to  determine  whether  or  not  genetic 
differences  underlie  the  morphological  differences,  as  well  as  to 
ascertain  the  number  of  genes  involved.  Thus,  the  only  genes  that  can 
be  studied  with  the  traditional  methods  of  Mendelian  analysis  are 
polymorphic  genes;  if  a gene  is  invariant,  such  methods  will  not 
reveal  it  existence.  It  follows  that  use  of  such  methods  makes  it 
impossible  to  obtain  a random  (with  respect  to  variation)  sample  of 
the  genome,  because  only  polymorphic  genes  can  be  included  in  the 
sample  (and  usually  the  more  variable  a gene  is,  the  more  likely  it  is 
to  be  included  in  the  sample  because  its  existence  is  more  easily 
detectable) . The  methodological  handicap  derived  from  the  traditional 
Mendelian  method  of  genetic  analysis  also  applies  to  blood-group 
studies.  As  in  the  case  of  morphological  variation,  the  study  of 
blood  groups  depends  on  the  detection  of  differences. 

Obtaining  a sample  of  genes  that  is  random  with  respect  to 
variation  has  become  possible  owing  to  the  advances  of  molecular 
genetics.  It  is  now  known  that  genes  consist  of  DNA  and  that 
(structural)  genes  code  for  proteins.  It  is  possible  to  select  for 
study  a number  of  proteins,  without  having  previous  knowledge  as  to 
whether  each  protein  is  variable  or  how  variable  it  is.  If  a given 
protein  is  found  to  be  polymorphic,  it  can  be  inferred  that  the  gene 
coding  for  it  is  also  polymorphic.  If  a protein  is  found  to  be 
invariant,  the  inference  is  that  the  corresponding  gene  is  also 
invariant.  (Actually  owing  to  the  redundamcy  of  the  genetic  code,  not 
all  gene  variations  result  in  protein  differences;  hence,  the  overall 
amount  of  variation  is  underestimated.) 
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Oliie  techniques  of  gel  electrophoresis  make  it  possible  to  study 
variation  in  a large  number  of  proteins  in  a sufficient  number  of 
individuals  without  prohibitive  investment  of  labor  and  money. 
Experience  indicates  that  about  20  genes  coding  for  proteins  are 
sufficient  to  obtain  acceptable  estimates  of  genetic  variation  (Ayala 
and  Kiger  1980) , although  30  or  more  genes  should  be  studied,  if 
feasible. 

3.  Statistical  Techniques.  The  amount  of  genetic  variation  is 
best  measured  by  the  heterozygosity  per  locus  or  per  individual, 
although  the  proportion  of  polymorphic  loci  per  population  also 
provides  useful  information.  The  degree  of  genetic  similarity  can  be 
summarized  with  standard  measures,  such  as  Nei's  genetic  distance. 

The  formulae  with  which  to  calculate  heterozygosity,  polymorphism,  and 
genetic  dist2mce  and  their  significance  can  be  found  in  recent 
textbooks  (e.g.,  Ayala  and  Kiger  1980). 

4.  Biochemical  Techniques.  The  techniques  of  gel  electrophoresis 
and  selective  assay  of  enzymes  are  the  most  appropriate  and  least 
expensive  with  which  to  accomplish  this  project's  objectives. 
Description  of  these  techniques  can  be  found  in  Ayala  and  others 
(1972).  Information  about  a few  specific  enzyme  assays  as  used  in 
equids  can  be  found  in  the  references  cited  within  "Genetic 
Polymorphism,"  in  the  first  peirt  of  this  chapter.  Blood  samples  (a 
few  cc  per  individual)  can  be  used  for  the  electrophoretic  studies, 
although  tissue  samples  (liver,  in  particular)  should  be  used  whenever 
available,  because  these  make  it  possible  to  assay  additional  enzymes. 
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CHAPTER  3 


EFFECTS  OF  EQUIPS  ON  OTHER  ECOSYSTEM  COMPONENTS 


INFORMATION  NEEDS 

The  Riblic  Rangelands  Improvement  Act  of  1978  clearly,  begins  with 
an  attitude  of  concern  for  the  "unsatisfactory  condition"  of  western 
rangelands,  «uid  for  the  need  to  improve  that  condition.  In  making 
lengthy  provisions  for  research  on,  and  management  of,  wild  horses  and 
burros,  including  authorization  of  the  present  study,  it  acknowledges 
that  proper  wild  equid  management  must  become  part  of  the  broader  goal 
of  improving  and  properly  managing  the  rangelands. 

As  mentioned  earlier,  the  repeated  reference  to  "excess"  animals 
in  PL  95-514  requires  some  definition  of  the  term,  and  one  among  its 
several  connotations  is  the  impact  of  wild  horses  and  burros  on  other 
ecosystem  components.  Hence  some  consideration  must  be  given  to  the 
ways  in  which  these  animals  create  impacts  upon  their  surroundings , to 
the  criteria  by  which  those  impacts  are  evaluated,  and  to  the 
standards  for  the  term  "excess  animals"  derived  from  severity  of 
impact . 

Each  land  unit  is  capable  of  carrying  some  potential  array  of 
vegetative  species  if  not  excessively  disturbed.  As  recognized  and 
defined  in  PL  95-514,  the  "range  condition"  on  a site  at  any  point  in 
time  is  "the  present  state  of  vegetation. . .in  relation  to  the 
potential  plant  community  for  that  site,  and  the  relative  degree  to 
which  the  kinds,  proportions,  and  amounts  of  vegetation  in  a plant 
community  resemble  that  of  the  desired  community  for  that  site."  To 
establish  and  maintain  some  level  of  range  condition  would  appear  to 
be  a desirable  management  goal  for  each  land  unit.  What  that  level 
should  be  is  a policy  decision,  but  presumably  it  would  at  the  least 
ensure  perpetuation  of  the  basic  vegetation,  soil,  and  water  resources. 

Since  vegetation  has  evolved  with  herbivory,  it  is  capable  of 
sustaining  some  level  of  herbivorous  removal  while  maintaining  itself 
in  some  equilibrium  state.  This  state  may  vary  between  years  and  be 
highly  dynamic,  but  it  will  vary  around  some  long-term,  constant 
average  over  a period  of  time.  Maintaining  the  vegetation  at  some 
decided-upon  state  implies  that  herbivorous  removal  must  be  maintained 
at  a level  that  will  perpetuate  the  equilibrium.  One  definition  of 
"excess"  horses  or  burros  could  be  that  number  which,  when  exceeded,- 
causes  the  range— including  its  vegetation,  soil,  water,  and 
wildlife — to  decline  from  the  desired  condition. 
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13  2 

Hence f the  information  needed  to  determine  when  equids  are  in 
excess  includes  knowledge  both  of  their  forage  preferences  and 
consumption  rates,  and  of  the  effects  of  that  consumption  on  their 
ecosystems,  including  vegetation,  soil,  water,  other  wild  animals,  and 
livestock.  Forage  preferences  and  consumption  rates  were  considered 
in  Chapter  2.  The  ecosystem  factors  will  be  reviewed  in  this  chapter. 


STATE  OF  KNOWLEDGE 
Information  Sources 

The  search  for  information  on  ecosystem  effects  was  concentrated 
in  four  areas: 

1.  Impacts  on  range-plant  community  created  by  wild, 
free-ro£uning  horses  and  burros  and  associated  livestock. 

2.  Indications  of  competitive  pressures  by  wild  equids  on  other 
wild  animals. 

3 . Impacts  on  watersheds  created  by  wild  equids  and  domestic 
grazers. 

4.  Impacts  on  range  nutrition  and  feeding  ecology  created  by 
wild  equids  and  associated  domestic  and  native  ungulates. 

Major  attention  was  given  to  published,  peer-reviewed  literature,  but 
considerable  unpublished  information  (internal  reports,  consultant's 
reports)  was  obtained  from  files  of  the  BLM,  USFS,  and  NFS.  Duplicate 
copies  of  these  reports  are  on  file  at  New  Mexico  State  University  and 
Utah  State  University. 


Remge-Plant-Community  Impacts 

In  general,  wild  and  free-roauning  horse  and  burro  populations  in 
the  western  U.S.  can  be  discussed  in  the  context  of  the  following 
vegetation  types:  pinyon- juniper , sagebrush-bunchgrass , salt-desert 

shrub,  ponderosa  pine,  and  hot-desert  shrub,  the  last  being  primarily 
the  domain  of  burros.  While  this  geographic  classification  is  general 
and  considerable  physical,  climatic,  and  vegetational  variation  may 
exist  within  a particular  type,  it  offers,  at  least,  a general  scheme 
for  discussing  and  analyzing  the  problems  on  an  ecological  basis. 
Recent  symposia  and  state-of-the  art  publications  have  dealt  with  the 
ecology  cuid  management  of  several  of  these  areas  (e.g..  Clary  1975, 
Currie  1975,  Gifford  and  Busby  1975,  Springfield  1976,  USU/CNR  1979). 
Such  publications  provide  a broad  foundation  of  information  upon  which 
to  build  an  analysis  of  horse  and  burro  ecology. 

Considering  the  scope  and  alleged  severity  of  grazing  impacts  by 
horses  and  burros  on  western  ramgelands,  the  problem  has  been  studied 
surprisingly  little.  General  statements  by  recognized  range 
management  experts  warn  of  a severe  and  ever-growing  problem.  For 
example.  Box  (n.d.)  observed  that:  "In  many  areas  ranges  are 
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seriously  overgrazed  and  the  environment  degraded."  He  further  cited 
specific  cases  of  burros  in  the  Death  Valley  area  and  wild  horse  herds 
in  the  Rock  Springs,  Wyoming  area  posing  threats  to  the  range  of 
native  ungulates.  Similarly,  Cook  (1975)  suggested  that  under  the 
Wild  and  Free-Roaming  Horse  and  Burro  Act  of  1971,  horses  and  burros 
living  in  areas  where  a year-round  forage  supply  was  unavailable  would 
cause  serious  range  deterioration  that  would  lead  to  reduced  grazing 
capacity  for  wild  ruminants  and  domestic  livestock. 

Subjective  observations  such  as  the  foregoing  are  generally  based 
on  years  of  professional  experience  and  may  possibly  depict  the 
reality  of  the  horse  and  burro  problem.  However,  the  regrettable  fact 
remains  that  few  pertinent  empirical  data  are  generally  available  for 
scrutiny  and  evaluation.  Until  such  data  can  be  procured, 
professional  judgments,  whether  made  by  scientists  or  practicing  range 
managers,  are  certain  to  remain  controversial. 

Empirical  studies  on  grazing  impacts  by  either  horses  or  burros 
are  few  in  number.  Most  of  the  studies  that  do  exist  deal  with 
burros.  Hanley  and  Brady  (1977)  reported  that  burros  in  the  lower 
Colorado  River  Valley  of  California  and  Arizona  overgrazed  ranges  near 
the  river,  but  that  plant  utilization,  principally  on  browse  species, 
decreased  to  light  or  moderate  rates  at  distances  greater  than  2.5  km 
from  water.  They  found  that;  "Overgrazing  decreased  the  canopy  cover 
of  Ambrosia  dumosa  from  about  2.26  to  0.04  percent  and  decreased  total 
canopy  cover  for  all  species  from  8.64  to  2.30  percent."  They  further 
observed  that  no  particular  plants  acted  as  increasers  or  invaders 
under  heavy  burro  use.  The  same  general  trend  of  heavy  impact 
adjacent  to  water  sources  is  evident  in  a report  by  Fisher  and  others 
(1973),  who  worked  in  the  Panamint  Range.  However,  at  an  exclosure  of 
2 km  from  the  water  source,  measurement  of  species  density  and  volume 
showed  higher  biomass  outside  than  inside  the  exclosure.  Annual 
densities  and  species  diversity  were  higher  outside  the  exclosure,  but 
a bunch  grass— Stipa  sp. — was  more  abundant  inside  the  exclosure. 

Carothers  and  coworkers  (1976),  who  performed  studies  in  the  Grand 
Canyon  area,  reported  that  their  results  "demonstrate  conclusively 
that  the  feral  ass  has  a negative  effect  on  the  natural  ecosystem  of 
the  lower  reaches  of  the  Grand  Canyon."  They  showed  that  the  total 
vegetative  cover  of  the  Mojave  Desert  scrub  type  was  reduced  from  80 
percent  on  a control  plot  to  20  percent  on  an  impact  plot,  and  that 
the  total  number  of  vascular  species  present  was  reduced  from  28  to  19 . 

A later  study  by  the  same  research  group  (Phillips  and  others 
1977)  was  much  expanded  to  include  the  three  major  vegetation  types  in 
and  along  the  Grand  Canyon  where  burros  were  considered  a problem. 

These  included  the  pinyon- juniper  type,  the  blackbrush  (Coleogyne 
r aunos iss ima ) -grass  type  and  the  Mojave  Desert  scrub  type  of  the  inner 
gorge  of  the  canyon.  These  authors  concluded  that  burros  had  had 
great  impacts  on  all  three  community  types.  In  the  pinyon- juniper  and 
blackbrush-grass  types,  the  major  trend  appeared  to  be  replacement  of 
palatable  grasses  such  as  galleta  (Hilaria  jamesii)  and  squirreltail 
(Sitanion  hvstrix)  by  unpalatable  shrubs  such  as  broom  snakeweed 
( Xanthocephalum  sarothrae)  and  brittle  bush  (Encelia  farinosa) . The 
inner  gorge  sites  sustained  the  greatest  amount  of  disturbance. 
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attributed  to  a concentrated  use  by  burros,  the  "inherently  fragile 
nature  of  the  arid  desert  flora,"  and  a relatively  low  species 
diversity.  Also  noted  was  a "severe"  impact  on  crustose  mosses  and 
lichens.  The  authors  observed  that  the  pattern  of  plant-community 
response  to  heavy  grazing  by  burros  was  essentially  similar  to  that 
widely  documented  under  heavy  grazing  by  livestock. 

Koehler  (1974)  studied  burros  in  Bandelier  National  Monument  and 
concluded  that  foraging  by  a population  estimated  to  number  from  107 
to  120  individuals  had  led  to  degradation  of  some  4,000  ha  of 
rangeland.  He  postulated  the  following  order  of  disappearance  of 
perennial  grasses  in  pinyon-juniper  communities  overgrazed  by  burros : 
(1)  Lycurus  phleoides  and  Oryzopsis  hymenoides , (2)  Stipa  neomexicana 
and  Koeleria  cristata , (3)  Sporobolus  airoides , (4)  Festuca  arizonica . 
(5)  Bouteloua  eriopoda  and  ^ curtipendula,  (6)  Stipa  comata, 

(7)  Sporobolus  contractus,  (8)  Sitanion  hystrix,  (9)  Hilaria  jamesii, 
(10)  Bouteloua  gracilis  and  B.  hirsuta,  (11)  Aristida.  sp. , and 
(12)  Muhlenberqia  torreyi . In  addition  to  providing  a basis  for 
predicting  community  change,  this  sequence  allows  insight  into  the 
relative  preferences  by  burros  for  the  grass  species  listed. 

Generally,  the  most  preferred  species  in  a community  are  the  first  to 
be  reduced  by  improper  grazing  practices  (Stoddart  and  others  1975). 

A later  study  in  the  same  area  by  Potter  and  Berger  (1977) , 
conducted  after  the  burro  population  was  reduced  in  1975,  reported 
forage  utilization  levels  on  individual  grass  species.  "Severe" 
levels  of  utilization  were  still  noted  on  several  grass  species, 
averaging  61  and  50  percent  for  winter  and  summer  periods, 
respectively.  Some  use  of  the  unpalatable  shrub  called  broom 
snakeweed  was  also  noted  and  was  interpreted  as  an  indication  of 
overutilization  of  the  preferred  grasses.  These  authors  also  observed 
heavy  use  of  mountain  mahogany  (Cercocarpus  montanus)  by  burros  during 
periods  of  winter  forage  stress. 

Feral  burros  have  also  been  studied  in  Death  Valley  National 
Monument  by  several  investigators.  Moehlman  (1974)  observed  that 
animals  in  the  Wildrose-Emigrauit  area  were  primarily  browsers, 
seemingly  due  to  a low  availability  of  herbaceous  species.  Wbrking  in 
the  Wildrose  Canyon  area  at  a later  time,  Douglas  and  Nbrment  (1977) 
observed  that  browsing  pressure  by  burros  on  the  shrubs  Acamp topappu s 
shocklei  and  Ambrosia  dumosa  was  probably  severe  enough  to  threaten 
removal  of  these  species  from  the  community.  They  further  postulated 
that  the  level  of  use  of  Artemisia  spinescens  and  Dalea  fremontii, 
while  lower  than  that  of  the  preceding  two  species,  was  nonetheless 
severe  enough  to  cause  concern. 

In  contrast  to  the  studies  just  described,  burros  in  two  locations 
(Granite  Wash  and  Temple  Bay)  in  Lake  Mead  National  Recreation  Area 
apparently  did  not  cause  major  impacts  on  vegetation  (O' Farrell  1978), 
even  though  estimated  animal  densities  were  considerably  greater  than 
those  in  the  Wildrose  Canyon  area  of  Death  Valley.  This  lack  of 
impact  was  attributed  to  above-average  precipitation  in  the  area 
during  recent  years,  leading  to  a greater-than-normal  level  of  primary 
production  and  grazing  capacity  for  burros.  O' Farrell's  (1978) 
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preliminary  report  was  based  on  a small  number  of  samples,  and 
judgment  should  await  a final  report. 

Although  several  management-level  studies  and  inventories  have  led 
to  subsequent  population  reduction  of  horse  herds  over  the  West, 
little  controlled  research  has  been  done  on  specific  grazing  impacts 
by  horses.  The  number  of  such  reports  in  the  literature  is  certainly 
less  than  that  for  burros.  These  data  for  horses  seem  especially 
meager  in  light  of  the  extensive  land  area  and  the  great  number  of 
animals  concerned.  Apparently  much  of  the  management  that  has  been 
applied  to  horse  ranges  over  the  past  3 to  4 years  has  proceeded  from 
experience  and  judgments  exercised  by  the  agency  range  managers. 

This  problem  will  be  discussed  later  under  "Review  of  Range  Survey 
Methodology"  in  Chapter  5.  It  is  mentioned  here,  not  for  the  purpose 
of  criticizing  previous  horse  management  work,  but  rather  to 
reemphasize  the  need  for  information  on  range  trends,  forage 
utilization,  and  associated  environmental  impacts — as  they  relate 
specifically  to  horses— to  serve  as  a basis  for  future  management 
actions.  Research  in  this  area  is  needed  to  assist  the  manager  in 
distinguishing  forage  utilization  and  range  impacts  by  horses  from 
those  of  other  sympatric  ungulates,  and  to  determine  whether  horse 
impacts  differ  from  those  of  cows  or  sheep.  There  is  also  a need  to 
monitor  ramge  impacts  with  greater  sensitivity  than  is  presently 
possible  with  existing  techniques,  which  were  developed  largely  for 
use  with  domestic  livestock. 

Since  scientific  information  on  specific  grazing  impacts  by  wild 
horses  and  burros  is  scarce,  additional  perspective  may  be  gained 
through  exploration  of  the  relatively  extensive  literature  on  grazing 
impacts  by  livestock.  This  literature  has  further  importance:  it 

forms  the  basis  of  existing  management  programs  for  wild  horses  and 
burros . 

The  benchmark  review  monograph  by  Ellison  (1960)  throughly  covered 
the  pertinent  literature  up  to  1960.  Some  260  references  are  cited  in 
that  paper,  amd  discussion  is  organized  on  the  basis  of 
plant-community  types,  including  those  pertinent  to  wild  horses  and 
burros.  One  of  Ellison's  major  conclusions  is  that  successional 
trends  in  plant  communities  are  roughly  proportional  to  grazing 
intensity:  they  are  pronounced  under  severe  grazing  pressure,  and  in 

some  instances  difficult  to  distinguish  at  light  or  moderate  levels 
(Ellison  1960:45).  This  conclusion  has  generally  been  sustained  by 
the  vast  majority  of  long-term  grazing  experiments  conducted 
throughout  the  western  United  States,  and  it  is  the  fundamental 
assumption  underlying  contemporary  grazing-management  practices.  The 
following  perspective  on  grazing  intensity  presented  by  Ellison  in  his 
1960  paper  remains  germane  to  the  present  question  and  is  worthy  of 
consideration  when  reviewing  results  of  grazing  studies  or  when 
evaluating  effects  of  animals  in  a management  context: 

Degrees  of  grazing  are  not  easily  defined.  The  range  that 
will  support  a given  number  of  animal  months  during  one 
period  of  years  may  be  capable  of  supporting  twice  as  many 
during  a wetter  period  or  perhaps  only  a third  as  many  during 
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a drier  period.  A depleted  range  may  be  heavily  utilized  by 
the  same  number  of  animals  that  would  make  only  light  uae  of 
the  same  range  in  good  condition.  The  terms  "lightly"/ 
"moderately"  and  "heavily"  grazed  are  not  only  restricted  in 
significance  by  being  relative  instead  of  absolute/  but/ 
unless  production  of  forage  and  numbers  of  animals  are 
specified,  they  are  highly  subjective.  What  one  author  means 
by  "light"  grazing  may  very  well  be  "moderate"  or  even 
"heavy"  grazing  to  someone  else.  (Page  5) 

As  a means  of  providing  more  recent  information  on  the 
relationship  of  grazing  intensity  to  plant-community  change,  the  data 
in  Table  3.1  were  assembled.  This  table  summarizes  a small  sample  of 
long-term  grazing  experiments  that  have  either  been  conducted  in 
plant-community  types  where  wild  horses  now  occur,  or  that  have 
focused  on  pleunt  species  locally  important  elsewhere  on  wild  horse 
ranges.  NO  comparable  studies  were  found  that  dealt  with  the 
blackbrush-grass  or  Mojave  desert  scrub  vegetation  types  now  occupied 
by  feral  burros.  One  of  the  studies  presented  in  the  table  (Hutchings 
and  Stewart  1953)  was  discussed  in  the  Ellison  (1960)  treatise.  The 
rest  have  been  published  since  then. 

The  table  is  incomplete  in  that  it  focuses  mainly  on  the  impacts 
of  "heavy"  grazing.  This  emphasis  was  prompted  by  the  concern  of  the 
land-management  agencies  over  the  question  of  excess  numbers  of 
animals.  Since  major  and  enduring  environmental  change  is  a possible 
consequence  of  excess  numbers  of  either  wild  or  domestic  ungulates, 
this  emphasis  appears  necessary  to  provide  perspective  for  designing 
research  specifically  related  to  horses  and  burros  and  to  provide  an 
interim  management  perspective  pending  the  completion  of  that 
research.  The  specific  data  relating  stocking  rates  to 
plant-utilization  levels  and  subsequent  changes  in  range-plant 
communities  or  particular  plant  species  should  prove  useful  in  that 
regard.  An  important  assumption  underlying  our  analysis  of  such 
studies  is  that  properly  managed  grazing,  which  takes  into  account  the 
species  and  number  of  animals  as  well  as  their  season  auid  distribution 
of  grazing,  can  in  most  cases  be  harmonious  with  most  resource  needs 
and  values. 

The  general  conclusion  from  studies  summarized  in  Table  3.1  is  the 
same  as  that  drawn  earlier  by  Ellison  (1960):  heavy  grazing  promotes 

accelerated  plant-communitity  change  that  has  generally  been 
interpreted  as  deteriorating  range  condition.  Apparent  deviations 
from,  or  variations  on,  this  general  statement  can  be  seen  in  the 
studies  of  Hyder  and  others  (1975),  Skovlin  and  others  (1976),  and 
Hutchings  and  Stewart  (1953)  . These  questions  are  addressed  below. 

Range  dominated  by  the  shortgrass  species  blue  grama  and 
buffalograss  appear  relatively  resistant  to  grazing-induced  change. 

The  study  by  Hyder  and  others  (1975)  summarized  in  Table  3.1  led  to 
the  conclusion  that  there  was  no  ecological  basis  for  relating  changes 
in  range  condition  (i.e.,  plant-community  composition)  to  severity  of 
grazing  as  separate  and  distinct  from  changes  promoted  by  variable 
weather  conditions  from  year  to  year.  This  opinion  appears  to 
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conflict  with  earlier  conclusions  from  a study  on  the  same  site 
(Kipple  and  Costello  1960)  that  heavy  grazing  reduced  vigor  and  yield 
of  the  important  forage  species  and  led  to  a deterioration  of  range 
condition.  However,  Hyder  and  others  (1975)  attributed  the  results  of 
the  earlier  study  to  improper  classification  of  site  differences  as 
differences  in  range  condition. 

The  Oregon  study  on  ponderosa  pine-bunchgrass  range  (Skovlin  and 
others  1976)  did  not  show  the  drastic  decline  in  range  condition  under 
heavy  grazing  that  the  Colorado  study  (Smith  1967)  showed  in  a similar 
plant  association  (Table  3.1).  However,  stocking  rates  in  the  Oregon 
study  were  considerably  lower  than  those  in  the  Colorado  study,  while 
annual  precipitation  in  Oregon  was  roughly  30  percent  greater  than 
that  in  Colorado.  Given  comparable  stocking  rates,  differences  in 
precipitation  notwithstanding,  declines  in  range  condition  in  the 
Oregon  study  would  likely  have  been  larger.  Even  with  the  prevailing 
conditions  observed,  the  important  species  elk  sedge  (Carex  geyeri) 
declined  50  percent  in  the  forested  habitat,  and  this  was  viewed  as  a 
serious  consequence.  This  decrease  was  associated  with,  but  not 
necessarily  the  direct  cause  of,  a 20  percent  decline  in  livestock 
grazing  capacity  over  the  11-year  study  in  the  forested  habitat. 

Total  herbage  production,  and  presumably  grazing  capacity, 
increased  over  the  course  of  a 12-year  winter  grazing  study  at  the 
Desert  Experimental  Range  in  southwestern  Utah  (Hutchings  and  Stewart 
1953),  where  salt-desert  shrub,  sagebrush-grass,  and  pinyon- juniper 
vegetation  types  were  all  represented  (Table  3.1) . Even  though  the 
increase  was  smaller  under  heavy  grazing  than  under  either  moderate  or 
light  grazing,  the  general  trend  is  not  entirely  consistent  with  that 
propounded  by  Ellison  (1960) . A reason  for  this  response  can  be 
proposed.  The  ranges  where  the  study  was  conducted  were  in  a 
generally  depleted  state  at  the  outset,  due  to  excessive  grazing  and 
drought.  Therefore,  control  of  animal  numbers,  even  though  they  were 
allowed  to  graze  "heavily,"  apparently  allowed  some  degree  of  range 
recovery.  Furthermore,  subsequent  studies  on  physiological  responses 
of  desert  plants  to  season  and  intensity  of  defoliation  (Cook  1971) 
have  shown  that  herbage  removal  during  winter  is  considerably  less 
detrimental  than  spring  or  summer  defoliation.  Thus,  control  over 
season  of  grazing — so  that  use  was  confined  to  winter — probably 
contributed  to  range  recovery. 

The  general  pattern  of  plant-community  change  under  heavy  grazing 
in  the  Great  Basin  has  been  described  by  Young  and  others  (1976)  as: 

(a)  an  increase  in  native  shrubs  undesirable  for  browsing,  (b)  a 
reduction  in  perennial  grasses  and  forbs,  and  (c)  exploitation  of 
these  voids  by  alien  annual  weeds  such  as  cheatgrass  that  are  highly 
adapted  to  intensive  grazing.  Prom  the  standpoint  of  soil  and  water 
conservation,  communities  dominated  by  amnual  species  are 
unpredictable  from  year  to  year  as  far  as  how  much  soil  cover  they 
will  provide,  and  their  soil-binding  root  masses  are  small.  A later 
section  in  this  report  deals  specifically  with  soil-plant-wacershed 
relationships  under  grazing  pressure.  The  most  extreme  change  in  this 
regard  has  been  the  dessication  of  upland  meadows  caused  by 
accelerated  erosion  and  stream-channel  cutting  (Cottam  and  Stewart 
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1940).  Young  and  others  (1976)  state  that  a cycle  of  geologic  erosion 
and  deposition  would  be  required  to  restore  these  meadows  to  their 
past  condition. 

Prom  a standpoint  of  forage  values,  connnunities  dominated  by 
stands  of  relatively  unpalatable  shrubs  (e.g.,  sagebrush)  and  by 
annual  weeds  (e.g.,  cheatgrass)  offer  relatively  little  to  livestock 
(Cook  and  Harris  1968).  Although  specific  data  are  scarce,  the  same 
is  probably  true  for  horses.  Table  2.22  strongly  suggests  that  horses 
make  little  or  no  dietary  use  of  shrubs.  Exotic  annuals  may  be  highly 
palatable  and  nutritious  during  their  growing  season  (Cook  and  Harris 
1968) , but  this  is  generally  restricted  to  a brief  period  in  the 
spring  and  early  summer  of  favorable  years.  In  years  when 
precipitation  is  scarce,  yields  of  forage  from  annual-dominated  ranges 
may  be  negligible. 

As  previously  mentioned,  responses  of  plant  communities  to  grazing 
are  greatly  complicated  by  the  effects  of  season  and  frequency  of 
grazing.  For  example,  Laycock  (1967)  showed  that  heavy  spring  grazing 
of  sagebrush-bunchgrass  range  by  sheep  in  Idedio  led  to  a deterioration 
of  range  conditions,  including  replacement  of  bluebunch  wheatgrass 
(Aqropyron  spicatum)  by  annual  cheatgrass  (Bromus  tectorum)  and 
sagebrush  (Artemisia  tripartita) . In  contrast,  heavy  grazing  of 
similar  range  in  autumn  after  the  herbaceous  understory  plants  had 
entered  dormancy  led  to  increased  grazing  pressue  on  sagebrush  and  aui 
improvement  in  range  conditon.  Such  differential  responses  of 
individual  plant  species  to  season  of  grazing  form  the  basis  for  the 
specialized  "rotational"  grazing  systems  now  in  common  practice  over 
much  of  the  western  range  (reviewed  by  Herbel  1974)  . 

Controlled  studies  concerning  the  effects  of  plant  defoliation  on 
subsequent  vigor  and  production  (Cook  1971)  showed  that  desert  shrub 
and  grass  species  are  highly  sensitive  to  season  of  herbage  removal. 
Species  included  in  the  studies  were  black  sagebrush  (Artemisia  nova) , 
big  sagebrush  (A.  tr identata) , shadscale  (Atriplex  confertifolia) , 
winterfat  (Ceratoides  lanata) , Nuttall  saltbrush  (Atriplex  nuttallii) , 
Indian  ricegrass  (Oryzopsis  hymenoides) , and  squirreltail  grass 
(Sitanion  hystrix) . A 50-percent  winter  utilization  of  these  species 
maintained  vigor  and  yield,  but  the  same  level  of  use  during  late 
spring  and  early  summer  was  detrimental,  particularly  for  the  shrub 
species.  No  more  than  a 25-percent  use  could  be  safely  tolerated  by 
most  species  in  late  spring. 

The  implications  of  these  studies  for  the  management  of  wild  horse 
ranges  are  clear.  If  maintenance  of  a stable  range  condition  is  a 
desired  management  objective,  control  of  grazing  season  may  be  equally 
as  important  as  control  of  animal  numbers.  This  type  of  control  may 
prove  particularly  difficult  in  some  areas  where  options  are  limited 
to  regulating  movement  patterns  and  distribution  of  animals  over  the 
range. 

Year-to-year  variability  in  precipitation  (both  in  amount  and 
monthly  distribution)  can  radically  alter  the  composition  of  plant 
communities  and  influence  the  pathway  of  either  secondary  succession 
or  retrogression.  This  has  already  been  emphasized  in  discussing  the 
findings  of  Hyder  and  others  (1975) . Precipitation  seems  to  be  an 
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overriding  factor  in  most  range  ecosystems,  but  especially  in  the  more 
arid  ones.  On  the  basis  of  a 10-year  study  of  semi-desert  range  in 
southern  Arizona,  Martin  and  Cable  (1974)  concluded  that  year-to-year 
variation  in  precipitation  influenced  short-term  changes  in  vegetation 
more  than  any  other  single  factor,  including  season  and  intensity  of 
grazing.  The  periodic  stresses  imposed  by  droughts,  coupled  with 
stress  imposed  by  heavy  grazing,  have  often  interacted  to  produce 
profound  changes  in  range  conditions.  In  fact,  many  of  the  grazing 
studies  discussed  above  pointed  out  that  much  of  the  chemge  measured 
over  the  duration  of  a particular  study  actually  occurred  during 
periodic  drought  periods,  rather  than  as  a gradual,  continuous  process. 

Range  grazing  capacity  is  also  subject  to  the  vagaries  of  annual 
precipitation.  Close  positive  relationships  have  been  demonstrated 
between  annual  precipitation  and  forage  production  (hence,  grazing 
capacity)  for  many  areas  (Pechanec  and  Stewart  1949,  Hutchings  and 
Stewart  1953,  Dahl  1963,  Currie  and  Peterson  1966,  Martin  and  Cable 
1974,  Duncan  and  Wbodmansee  1975).  Variations  in  precipitation 
greatly  complicate  the  decision  regarding  the  number  of  animals  an 
area  can  sustain  on  a long-term  basis.  Even  with  domestic  livestoclc 
that  are  subject  to  a relatively  high  degree  of  managerial  control, 
yearly  adjustments  of  animal  numbers  in  accord  with  the  prevailing 
forage  conditions  are  not  practical.  Such  control  is  presently  out  of 
the  question  for  wild  horses  amd  burros.  Stoddart  and  others  (1975) 
state  that  65  to  30  percent  of  the  long-term,  average  forage 
production  base  is  usually  a realistic  starting  point  for  calculating 
grazing  capacity.  However,  they  emphasize  that  under  no  plan  of 
constant  scoclting  will  it  be  possible  to  prevent  excessive  use  in  dry 
years,  and  underuse  in  good  years.  If  there  is  to  be  a temporary 
imbalance  it  should  favor  the  plants  rather  than  the  number  of 
animals,  because  ranges  are  slow  to  recover  from  overuse.  For 
example,  in  studies  by  Cook  (1971)  cited  above,  shadscale, 
squirrel tail  grass,  and  black  sagebrush  had  not  fully  recovered  from 
the  effects  of  heavy  (75  percent)  utilization  after  7 years  of  rest. 

Year-to-year  fluctuations  in  forage  production  are  even  more 
serious  on  ranges  in  poor  condition,  where  much  of  the  forage  supply 
is  based  on  annual  species.  For  example,  Murray  (1971)  compared 
grazing  capacities  of  native  bunchgrass  in  southern  Idaho  to  those  of 
cheatgrass  ranges  in  the  same  vicinity.  During  wet  years,  grazing 
capacities  of  the  two  ranges  were  similar,  but  in  dry  years,  they  were 
60  percent  less  on  the  cheatgrass  range.  Thus,  maintenance  of  plant 
communities  with  a major  component  of  perennial  vegetation  appears 
desirable  not  only  from  the  standpoint  of  long-term  site  stability, 
but  also  from  the  viewpoint  of  a dependable  forage  supply  for  grazing 
animals. 


Competitive  Effects  on  Other  Animals 

Interspecific  Competition  as  a Population-Limiting  Influence 

The  question  of  competitive  effects  of  equids  on  other  animals 
raises  once  again  the  difficulties  discussed  in  Chapter  2 in 
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demonstrating  the  existence  of  competition.  Interspecific  competition 
occurs  when  (a)  two  different  species  use  the  same  resources,  (b)  thev 
reduce  them  to  the  point  of  short  supply,  and  (c)  the  populations  of 
one  or  both  are  constrained  in  the  process.  Two  species  may  use 
exactly  the  same  resource  but  not  be  in  competition  if  their  combined 
use  does  not  reduce  it  to  the  point  of  population  limitation. 

A population  effect,  the  acid  test  of  competition,  is  often 
difficult  to  denxanstrate.  If  two  species  have  been  coexisting  for 
some  period  of  time  and  one  is  declining,  it  is  risky  to  assume  cause 
and  effect.  Many  environmental  variables  change  over  time,  and  the 
decline  of  a species  could  just  as  well  be  prompted  by  one  or  more  of 
them  as  by  a suspected  competitor.  Competition  is  best  demonstrated 
by  an  experiment  in  which  one  species  is  increased  or  reduced,  and  the 
response  of  the  other  observed.  Properly,  such  treatments  should  be 
replicated. 

In  the  absence  of  population  tests,  at  least  a preliminary 
indication  of  competition  can  be  obtained  by  measuring  the  resource  in 
question  and  calculating  the  resource  need  of  the  two  species 
suspected  of  competition.  If  the  combined  need  is  greater  than  the 
amount  of  resource  available,  it  is  at  least  presumptive  evidence  that 
competition  may  be  occurring.  Even  where  a population  effect  can  be 
observed,  the  case  for  competition  is  strengthened  by  measuring  the 
resource  and  demonstrating  its  depletion  and  shortage. 

It  is  not  stretching  the  correspondence  between  concept  and 
reality  too  far  to  suggest  that  interspecific  competition  can  be 
created  by  administrative  fiat.  If  the  decision  is  made  to  limit  the 
number  of  grazing  animals  on  a given  tract  of  land  to  a certain  number 
of  animal  unit  months  (AUM:  see  Table  3.1  for  definition)  and  a 

portion  of  these  is  allocated  to  equids,  then  the  numbers  of  livestock 
must  be  limited  to  the  remainder.  In  a real  sense,  livestock 
populations  are  held  at  lower  levels  than  they  would  be  in  the  absence 
of  equids,  and  the  latter  therefore  exert  competitive  pressures  on  the 
domestics. 


Feral  Asses 

The  most  commonly  inferred  competition  of  equids  with  wild  species 
is  that  of  burros  with  desert  bighorn  sheep,  and  it  has  been  reported 
to  involve  three  resources:  water,  vegetation,  and  space.  The 

evidence  for  water  resource  competition  is  conflicting.  Numerous 
authors  (Dixon  and  Sumner  1939,  Sumner  1952,  Russo  1956,  Weaver  1959, 
Thomas  1979)  have  reported  for  years  that  in  areas  where  burros  are 
numerous  and  water  scarce,  the  equids  foul  or  completely  use  up  the 
water  so  that  sheep  cannot  drink  it.  But  other  investigators  studying 
burro  watering  behavior  have  failed  to  find  the  fouling  problem 
(Welles  and  Welles  1961a,  b;  Moehlman  1974;  Golden  and  Ohmart  1976). 
Observations  on  watering  behavior  of  the  two  species  vary,  but  there 
may  be  a tendency  for  bighorns  to  water  by  day  while  burros  are  more 
inclined  to  water  at  night  (Welles  and  Welles  1961a,  b;  McMichael 
1964;  Farrell  1973;  Moehlman  1974;  WOodward  1976).  Welles  and  Welles 
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(1961b)  reported  that  "thriving  bighorn  populations  have  been  watering 
at  the  same  springs  with  thriving  burro  populations  since  before 
1937."  The  question  may  revolve  around  the  abundance  of  water: 
problems  may  arise  where  it  is  quite  scarce,  and  its  use  is  intensive. 

The  problem  of  competition  for  forage  has  been  given  more 
attention,  but  also  lacks  conclusive  resolution.  It  is  quite  clear 
that  many  forage  species  are  shared  by  burros  and  desert  bighorns 
(McMichael  1964;  St.  John  1965;  Hansen  and  Martin  1973;  Seegmiller  and 
Ohmart  1975,  1976,  1980;  Seegmiller  1977;  McQuivey  1978;  Walters  and 
Hansen  1978).  Burros  appear  to  have  a competitive  advantage,  since 
they  utilize  a wider  array  of  plant  species  and  plant  parts  (McKnight 
1958)  and  can  range  farther  from  water  sources  (Seegmiller  and  Ohmart 
1980)  . However,  as  discussed  above,  mutual  use  of  the  same  resource 
does  not  necessarily  imply  competition. 

The  important  point  may  be  whether  sheep  are  sufficiently  wide- 
ranging  to  be  unaffected  by  the  burro  vegetation  damage  close  to  water 
holes  (which  most  authors  agree  takes  place),  or  whether  vegetation 
consumption  and  alteration  extend  far  enough  out  from  water  holes  to 
affect  appreciable  fractions  of  sheep  home  ranges.  Some  authors 
(e.g.,  McMic.hael  1964)  have  suggested  that  the  vulnerable  point  in  the 
sheep  life  cycle  may  be  the  food  needs  of  the  lambs,  especially  at 
weaning  time  (Thomas  1979:183)  during  the  dry  season,  when  they  are 
confined  to  a narrow  radius  around  the  water  holes. 

The  question  of  the  space  resource  involves  social  encounters 
between  the  two  species.  McKnight  (1958)  suggests  an  implicit 
dominance  of  burros  over  sheep.  Thomas  (1979:133)  describes 
observations  made  during  a joint  BLM,  NPS,  and  California  Department 
of  Agriculture  study  in  which  sheep  invariably  waited  to  drink  at  a 
spring  until  after  burros  had  vacated  the  area.  Such  nonovert 
submissive  responses  have  been  reported  for  other  large  herbivores. 
McCullough  and  Schneegas  (1966)  speculate  on  the  behavioral 
incompatibility  between  livestock  and  Sierra  Nevada  bighorns.  Jeffery 
(1963)  and  Mackie  (1970)  reported  that  elk  vacate  areas  occupied  by 
cattle. 

Despite  all  of  this  indirect  evidence,  experimental  observations 
on  population  effects  are  few  and  equivocal.  Several  cases  have  been 
reported  of  thriving  sheep  populations  in  areas  without  burros,  and  a 
lack  of  sheep  in  areas  occupied  by  the  equids.  Thomas  (1979) 
describes  a number  of  such  cases,  including  situations  on  two  military 
bases  in  San  Bernardino  and  Inyo  Counties,  California.  The  Avawatz 
Mountains  on  Port  Irwin  have  abundant  perennial  grasses,  a thrifty 
sheep  population,  and  no  burros.  The  Argus  Mountains  on  the  Naval 
Weapons  Canter  have  a large  burro  population,  show  signs  of  heavy 
grazing  and  absence  of  perennial  grasses,  and  have  a declining  herd  of 
fewer  than  15  sheep.  McKnight  (1958)  reported  that  in  the  1950s  the 
Panamint  Mountains  on  the  west  side  of  Death  Valley  were  heavily 
utilized  by  burros  and  were  practically  devoid  of  sheep.  The  ranges 
on  the  east  side  of  the  valley  contained  no  burros  and  had  sizeable 
sheep  populations.  Of  course  the  question  always  arises  as  to  whether 
these  negative  correlations  involve  cause  and  effect,  or  whether  ether 
variables  are  involved. 
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Dixon  and  Sumner  (1939)  and  Brandt  (as  cited  in  McKnight  1958) 
reported  a sequence  of  changes  at  Willow  Spring  in  Death  Valley  that 
constituted  an  inadvertent  experiment.  In  1935,  the  spring  was  being 
used  by  a local  sheep  population,  and  was  clean;  apparently  there  were 
no  burros.  In  1938,  the  spring  was  trampled  and  muddied  by  burros, 
and  no  sheep  could  be  found  in  the  vicinity,  according  to  Dixon  and 
Sumner.  By  1957,  burros  had  been  trapped  out  of  the  area  and  it  once 
again  supported  a thriving  sheep  population.  Despite  the  absence  of 
conclusive  data,  the  problem  has  been  alluded  to  so  repeatedly  by 
experienced  observers  that  one  must  suspect  its  reality.  Thomas 
(1979)  marsnalls  an  impressive  array  of  unpublished  and  published 
information  on  the  subject. 

Morgart  (1978)  reported  year-round  coexistence  between  burros  and 
mule  deer  on  the  same  range  at  Bandelier  National  Monument.  In 
addition,  deer  numbers  were  greatly  augmented  in  winter  by  migrants. 
Deer  were  almost  entirely  browsers  while  burros  were  mainly  grazers, 
but  in  winter  a third  of  the  burros'  diet  was  browse.  Since  the 
browse  was  overused,  and  therefore  at  or  below  the  amounts  needed  by 
both  species,  there  was  some  possibility  of  competition  in  Morgart 's 
opinion. 

Several  authors  have  investigated  possible  effects  of  burros  on 
small  mammal  populations.  Moehlman  (1974)  counted  rodent  burrows 
along  transects  placed  to  sample  areas  with  different  feral  ass 
densities,  and  found  no  difference  in  burrow  numbers  in  the  different 
areas  sampled.  Other  authors,  however,  have  found  rather  different 
results.  Carothers  and  coworkers  (1976)  and  Czaplewski  and  others 
(1977)  investigated  the  abundance  of  small  mammals  in  three  different 
habitat  types  in  Grand  Canyon,  each  with  different  burro  densities, 
and  each  with  areas  subject  to  burro  use  and  control  areas  protected 
from  burro  use.  In  the  pinyon- juniper  vegetation  type  on  the  Canyon 
rim,  where  burros  are  scarce,  no  differences  were  evident  between 
rodent  populations  in  "impact"  and  "control"  areas.  In  the  desert 
scrub  vegetation  of  the  Tonto  Platform  and  Rampart  Cave  area,  where 
burro  use  was  intermediate,  rodents  were  more  numerous  in  the  impact 
than  in  the  control  area,  and  were  composed  in  large  part  of 
disturbance  species  in  the  family  Cricetidae . In  the  riparian-plant 
community  of  the  canyon's  inner  gorge,  where  burro  use  was  heavy  and 
vegetation  damage  extreme,  rodent  populations  in  the  impact  areas  were 
far  smaller  than  those  in  the  control  plots. 

Douglas  and  Norment  (1977)  conducted  similar  investigations  in  two 
areas  of  Death  Valley,  one  heavily  affected  by  burro  use  and  the  other 
free  of  use.  Efforts  were  made  to  select  plots  with  similar 
elevation,  slope  aspect,  and  plant  communities.  The  density  of  small 
mammals  in  the  burro-free  area  was  more  than  3.5  times  as  great  as 
that  in  the  burro-inhaoited  area.  Species  compositions  also 
differed.  The  authors  acknowledged,  however,  that  since  the  two  areas 
were  not  adjacent  to  each  other,  the  possibility  existed  that 
variables  other  than  burro  populations  were  partially  or  wholly 
responsible  for  the  difference.  Guthrie  (1978)  compared  rodent 
densities  of  areas  with  and  without  heavy  burro  use  in  pinyon- juniper 
woodlands  of  Bandelier  National  Monument.  Rodents  were  less  abundant 
in  areas  used  by  burros. 
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Other  authors  have  marshalled  evidence  to  suggest  reductions  in 
bird  populations  (McKnight  1958,  Wauer  1973,  Thomas  1979)  and  desert 
tortoise  where  burros  range  (NPS  1979) . 


Feral  Horses 

The  attention  given  to,  as  well  as  the  attempts  made  to  evaluate, 
horse  competition  with  other  wildlife  is  much  more  limited  than  are 
burro  investigations.  Some  studies  (Hansen  1976,  Hubbard  and  Hansen 
1976,  Hansen  and  Wblsen  1977,  Hansen  and  others  1977,  Thomas  1979) 
have  been  conducted  to  assess  the  degree  of  dietary  overlap  between 
horses,  cattle,  and  several  species  of  wildlife  (elk,  mule  deer, 
pronghorn  antelope,  and  bighorn  sheep).  All  overlap  to  varying 
degrees  at  one  time  or  another , and  in  one  area  or  another . 

Overlap  tends  to  be  greatest  between  horses,  cattle,  elk,  and 
bighorn,  all  of  which  are  primarily  grazers  in  the  more  northerly 
portions  of  the  western  United  States.  In  the  Challis  region  of 
Idaho,  bluebunch  wheatgrass  (Agropyron  soicatum)  is  a preferred 
species  for  horses,  elk,  and  bighorn  (Peek  as  cited  in  Thomas 
1979:193).  This  is  a climax  species  that  often  recedes  under  any 
material  grazing  pressures,  and  its  full  utilization  by  cattle  has 
been  reported  by  Morgan  (1971)  to  pose  genuine  competitive  pressure  on 
bighorn  populations  in  the  nearby  Salmon  River  wilderness  area. 

Peek  also  reported  that  horses  turn  to  sagebrush  to  some  degree  in 
winter  in  the  Challis  area,  and  at  this  point  may  compete  with  mule 
deer  for  limited  winter  browse.  A similar  situation  in  eastern  Oregon 
was  reported  to  us  by  Forrest  Sneva  (USFS,  personal  communication, 
1930)  . In  general,  several  species  of  sympatric  large  herbivores  may 
partition  resource  use  when  the  resource  spectrum  is  broad  and 
utilization  is  low.  But  if  their  populations  and  feeding  pressures 
increase  to  the  point  where  preferred  food  species  are  reduced,  their 
food  selection  may  converge  and  the  risk  of  competition  will  increase 
(Wagner  1978). 

Thomas  (1979:194)  describes  a situation  in  the  White  Mountains  on 
the  California-Nevada  border.  Up  to  25  years  ago,  when  wild  horses 
were  scarce  in  the  region,  bighorn  sheep  occupied  all  parts  of  White 
Mountain  Peak,  which  rises  to  14,000  feet,  including  the  foothills  on 
the  east  side  of  the  mountain.  In  recent  years  a growing  horse 
population  occupies  the  eastern  slopes  of  the  mountain.  Sheep  are  now 
found  only  on  the  west  side  and  the  crest. 

All  of  this  is  again  circumstantial  and  not  firm  evidence  of 
competition.  But  it  would  be  a mistake  to  dismiss  the  possibility 
that  competition  does  occur  simply  because  the  data  are  equivocal. 

The  question  remains  open. 


Effects  of  Equids  on  Range  Hydrology 

Hydrologic  impacts  are  generated  by  activities  that,  in  one  way  or 
anot.her,  affect  quantity,  quality,  or  timing  of  water  yields,  impacts 
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may  be  measured  either  on  or  off  site,  at  upland  locations,  or 
directly  in  a channel. 

The  grazing  animal  influences  watershed  behavior  through  removal 
of  protective  cover  and  through  trampling  disturbance.  Resultant 
impacts  may  include  altered  water-quality  parameters  (coliforia  counts, 
nutrients,  water  temperatures,  sediment,  dissolved  oxygen,  and  total 
dissolved  solids) , reduced  stream-channel  stability,  increased 
overland  flow,  reduced  soil  moisture,  and  increased  erosion. 

Currently,  no  information  is  available  in  scientific  journals  that 
attempts  to  quantify  the  impacts  of  wild  equids  on  quantity,  quality, 
or  timing  of  water  yields.  However,  numerous  anecdotal  comments  have 
appeared  from  time  to  time,  and  some  limited  in-house  reports  have 
been  issued  by  various  federal  agencies  that  purport  to  identify  the 
hydrologic  impacts  of  wild  equids. 

These  reports  suggest  that  wild  equids  may  adversely  impact  range 
hydrology  by:  (a)  compacting  the  soil  surface,  (b)  developing  trails 

in  steep  terrain  that  accelerate  erosion,  (c)  overgrazing  their 
habitat,  (d)  competing  with  livestock  and  big  game  fbr  forage  and 
water,  and  (e)  polluting  water  holes  (Dixon  and  Sumner  1939;  McKnight 
1959;  Weaver  1959;  Welles  and  Welles  1959,  1960,  1961b;  Buechner  1960; 
Koehler  1961,  1974;  Fisher  1975;  Stoddart  and  others  1975;  woodward 
and  Ohmart  1976;  Carothers  and  coworkers  1976;  Norment  and  Douglas 
1977;  Zarn  and  others  1977a;  O-'Farrell  1978;  Hansen  n.d.;  Jones  n.d.; 
NFS  n.d.).  These  impacts  are  somewhat  localized,  highly  dependent  on 
local  Exjpulation  and  climatic  trends,  and  often  confounded  by  other 
effects  (e.g.,  present  livestock  grazing,  past  grazing  history, 
wildlife,  and  hikers)  . 

The  existing  knowledge  about  the  impacts  of  wild  equids  on  range 
hydrology  is  scanty  at  best.  However,  information  is  available  on 
livestock  grazing  impacts,  which  should  be  similar  to  those  wild 
equids.  The  following  review  deals  with  the  influence  of  livestock 
grazing  on  vegetation,  soil,  infiltration,  and  water-quality 
parameters . 


Vegetation  and  Cover  Factors 

Vegetational  Factors.  Impacts  on  vegetation  caused  by  the  grazing 
of  wild  equids  and  livestock  on  range-plant  communities  were  reviewed 
in  an  earlier  section  of  this  chapter  ("Range-Plant-Community 
Impacts") . As  pointed  out  in  that  review,  grazing  animals  can 
drastically  influence  plant  communities,  and  it  is  the  removal  of 
vegetation  that  has  the  largest  potential  impact  on  watershed 
behavior.  Overgrazing  for  extended  periods  may  result  in  vegetational 
changes  that  will:  (a)  reduce  protective  cover,  thus  increasing  the 

impact  of  raindrops;  (b)  decrease  soil  organic  matter  and  soil 
aggregates;  (c)  increase  surface  vesicular  crusts;  (d)  decrease 
infiltration  races;  and/or  (e)  increase  erosion  (Blackburn  1975; 
McGinty  and  others  1978;  Wood  and  others  1978a,  b;  Wood  1979;  Knignt 
and  others  1980).  The  end  result  of  overgrazing  may  be  to  lower  site 
potential.  Excessive  removal  of  vegetation  for  short  periods  may; 
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(a)  reduce  the  protective  cover,  thus  increasing  raindrop  impact; 

(b)  break  down  soil  aggregates;  (c)  decrease  infiltration  rates; 
and/or  (d)  increase  erosion.  Usually  these  impacts  can  be  reduced  by 
adjusting  stocking  rates  and/or  applying  proper  grazing  management 
(McGinty  and  others  1978,  Wood  and  others  1978b,  Wood  1979). 

Grazing  usually  lowers  the  standing  crop  when  compared  at  any  one 
point  of  the  grazing  cycle  (Lodge  1954,  Johnston  1962,  Sauzi  1963, 
Rhoades  and  others  1964,  Rauzi  and  Hanson  1966,  Hazel!  1967,  Hanson 
and  others  1970).  Knight  and  others  (1980)  found  midgrass  standing 
crop  to  be  similar  on  moderately,  continuously  grazed  and  short-term 
grazed  pastures  (Figure  3.1).  Standing  crop  on  a very  heavily  grazed 
pasture  was  significantly  smaller  than  that  on  pastures  grazed 
moderately  and  continuously  or  on  a short-term  basis.  Some  authors 
report  a stimulating  effect  of  grazing  on  vegetation  production  that 
is  similar  to  that  seen  in  an  exclosure  or.  lightly  grazed  area  (Rauzi 
and  Smith  1973,  McGinty  and  others  1973).  Reardon  and  Merrill  (1976), 
working  in  Texas,  reported  that  only  heavy  grazing  showed  a decrease 
in  plant  production  when  compared  to  a livestock  exclosure  and  a 
four -pasture,  deferred-rotation  system. 

Mulch.  Although  mulch  is  usually  reduced  by  grazing  (Johnston 
1962,  Rauzi  and  Hanson  1966,  Hanson  and  others  1970,  Wood  1979),  it 
was  not  reduced  by  moderate,  continuous  grazing  below  levels  found 
under  light,  continuous  grazing  or  in  exclosures  during  two  studies 
(Rauzi  and  Smith  1973,  McGinty  and  others  1978).  Reardon  and  Merrill 
(1976)  suggested  that  exclosure  vegetation  on  the  Edwards  Plateau, 
Texas  needed  the  stimulation  of  grazing  to  keep  producing  mulch  at 
levels  comparaole  with  that  of  grazed  areas . 

In  a South  Dakota  study,  more  mulch  cover  occurred  on  a 
moderately,  continuously  grazed  pasture  than  on  a heavily  or  a 
lightly,  continuously  grazed  pasture  (Sharp  and  others  1964).  Lusby 
(1970)  reported  that  a heavily  grazed  pasture  at  Badger  Wash,  Colorado 
displayed  a decline  in  mulch  cover  when  compared  to  an  ungrazed  area. 

Bare  Ground  and  Rock  Cover.  Lusby  (1970)  reported  that  bare  soil 
and  rock  cover  increased  with  heavy  grazing  in  a paired  watershed 
study  (Badger  Wash,  Colorado)  that  compared  heavy  and  no  grazing. 

Heavy  grazing  and  short-duration  grazing  increased  the  percentage  of 
bare  ground  cover  at  Rolling  Plains  in  Texas  (Wood  1979)  . Several 
studies  have  shown  that  60  to  75  percent  plant  and  mulch  cover  is 
needed  to  control  surface  runoff  and  erosion  adequately  (Meeuwig 
1970a,  Orr  1970,  Packer  1951,  Marston  1952).  Many  areas  where  wild 
equids  are  found  do  not  have  the  potential  to  produce  that  much  plant 
and  mulch  cover. 


Soil  Factors 

Physical  properties  of  soil  change  more  slowly  than  does 
vegetation,  although  the  two  may  be  related  (Rauzi  and  others  1968)  . 


Q 
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Figure  3.1  Midgrasa  standing  crop  as  influenced  by  livestock  grazing, 
Edwards  Plateau,  Texas. 
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The  soil  factors  that  may  be  altered  by  livestock  grazing  may  also 
change  infiltration  and  erosion  rates. 

Bulk  Density.  The  soil-compacting  effects  of  grazing  animals 
appear  to  be  most  pronounced  in  the  first  2.5  to  5 cm  of  soil  surface 
(Alderfer  and  Robinson  1947).  No  significant  increases  in  bulk 
density  due  to  moderate,  continuous  grazing  were  reported  by  Meeuwig 
(1965),  Rauzi  and  Hanson  (1966),  and  Skovlin  and  others  (1976). 

However,  Klemmedson  (1956)  reported  that  grazing-induced  changes 
in  range  condition  also  changed  the  bulk  density  of  the  soils.  The 
bulk  density  tended  to  decrease  as  range  condition  improved,  although 
no  statistical  tests  were  reported.  Unrestricted  grazing  of  stream 
bottoms  in  the  Black  Hills  caused  increases  in  bulk  density  in  the  top 
5 cm  of  soil  at  three  out  of  four  sites  (Orr  1960).  Similarly, 
unrestricted  grazing  of  the  Southern  High  Plains  caused  increased  bulk 
density  of  the  surface  soil  (Brown  and  Schuster  1969) . In  northern 
Utah,  Laycock  and  Conrad  (1967)  showed  that  seasonal  changes  in  bulk 
density  were  greater  than  those  that  could  be  attributed  to  grazing. 

Rhoades  and  others  (1964)  and  Linnartz  and  others  (1966)  reported 
increased  bulk  density  due  to  grazing  down  to  40  cm  below  surface  or 
deeper.  These  findings  are  contrary  to  other  studies  that  found 
grazing  impacts  to  be  minimal — restricted  to  the  upper  5 cm  of  the 
surface.  It  is  possible  that  different  soil  types  were  compared 
between  the  grazed  and  protected  areas.  Rhoades  also  reports  that 
numerous  rodent  and  insect  burrows  in  the  protected  area  may  have 
caused  the  lower  bulk  density. 

Organic  Matter /Aggregate  Stability.  No  differences  in  percentage 
of  organic  matter  were  found  between  soils  of  grazed  and  protected 
areas  by  Lodge  (1954),  Klemmedson  (1956),  Rhoades  and  others  (1964), 
and  Meeuwig  (1965).  Wood’s  (1979)  study  in  Rolling  Plains,  Texas 
reported  organic  matter  to  be  highly  correlated  with  infiltration 
rates  and  sediment  production,  but  found  little  difference  due  to 
grazing  treatment.  McGinty  and  others  (1978)  showed  the  percentage  of 
organic  matter  in  two  grazed  pastures  to  be  lower  than  that  of  a 
nongrazed  area. 

Wood  (1979)  reported  that  the  percentage  of  water-stable 
aggregates  was  lower  in  a heavily  grazed  pasture  than  it  was  in  one 
20-year-old  exclosure,  but  not  significantly  lower  than  that  in 
another  20-year-old  exclosure.  He  also  found  aggregate  stability  to 
be  highly  correlated  with  infiltration  rates. 


Infiltration 

Studies  relating  livestock  grazing  practices  directly  to  runoff 
are  rare,  in  part  because  most  hydrologic  concern  has  been  directed 
toward  the  recharge  of  soil  moisture  for  growing  forage  in  arid  and 
semi-arid  environments.  Most  studies  have  concentrated  on 
infiltration  as  an  indicator  of  range  hydrology,  and  there  exists  a 
modest  amount  of  literature  on  the  subject.  Unfortunately,  this 
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information  presents  several  different  descriptors,  and  infiltration 
is  measured  with  a variety  of  instruments  (Gifford  and  Hawkins  1978) . 
Ideally,  infiltration  should  be  measured  using  rainfall,  either 
natural  or  simulated,  and  calculated  as  the  difference  between  input 
rainfall  and  output  runoff.  As  a refinement,  initial  surface 
retention  and  temporary  storage  may  be  quantified.  Flooding 
inf iltrometers  have  been  used,  but  represent  unnatural  conditions: 
the  impact  of  raindrops  is  eliminated  and  exceptionally  high 
infiltration  estimates  result  from  the  ponded  head  of  water . 

Data  dealing  with  the  impacts  of  livestock  grazing  on  infiltration 
rates  have  been  summarized  in  Table  3.2.  Several  conclusions  can  be 
drawn  from  these  studies. 

1.  The  results  are  often  confounded  by  range- improvement 
activities,  past  grazing  history,  and/or  climatic  fluctuations. 

2.  Results  may  be  very  site  specific. 

3.  There  is  usually  little  difference  between  light  and  moderate 
grazing.  On  some  sites  there  may  not  be  a difference  between  no 
grazing. and  light  or  moderate  grazing. 

4 . Heavily  grazed  areas  almost  always  exhibit  a lower 
infiltration  rate  than  areas  grazed  lightly,  moderately,  or  not  at  all. 

5.  These  studies  were  conducted  by  sundry  methods,  mostly  on 
year-  or  season-long,  continuously  grazed  pastures  with  varying 
stocking  rates. 

Infiltration  data  listed  in  Table  3.2  that  met  the  following 
conditions  were  analyzed  statistically:  (a)  terminal  rates, 

(b)  measured  with  either  natural  rainfall  or  a sprinkling 
inf iltrometer , and  (c)  grazing  intensity  identified.  These  data  were 
also  used  in  developing  a deterministic  model  for  predicting 
infiltration  rates  under  various  livestock  grazing  regimes  (Gifford 
and  Hawkins  1978,  Hawkins  and  Gifford  1979).  The  authors  cited  were 
unable  to  differentiate  between  the  influences  of  light  grazing  and 
moderate  grazing,  and  considered  them  to  be  identical.  Statistical 
analyses  indicated  that  there  was  a difference  between  infiltration 
rates  associated  with  moderate/light,  heavy,  and  no  grazing.  These 
data  were  also  subjected  to  regression  analyses  using  the  three 
categories  of  light/moderate,  heavy,  and  no  grazing  (Figure  3.2). 

From  these  calculations  the  following  conclusions  were  drawn:  (a) 

"There  is  an  influence  of  grazing  on  infiltration;"  (b)  "There  is  a 
distinct  impact  from  heavy  grazing  which  is  statistically  different 
from  that  of  light/raoderate. " 

The  model  developed  by  Gifford  and  Hawkins  (1979)  used  an  average 
infiltration  recovery  time  from  grazing  of  4 years.  This  figure  was 
based  on  limited  data  presented  by  Dortignac  and  Love  (1961)  and 
Thompson  (1968)  . They  contend  that  the  recovery  period  is  certainly 
longer  than  1 year , a factor  that  reduces  the  potential  of  improving 
watershed  conditions  through  improved  grazing  management  systems. 

The  existence  of  this  long  recovery  period  is  not  supported  by 
McGinty  and  others  (1978)  and  Wood  and  others  (1978b)  , who  studied 
several  different  grazing  systems  in  Texas.  The  results  of  these  two 
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SOURC:  Gifford  and  Hawkins  (1978)  . 

FIGURE  3.2  Relationships  between  infiltration  rates  (f^) 
on  grazed  and  ungrazed  areas  - 
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studies  showed  no  difference  between  infiltration  rates  in  pastures 
that  were  grazed  with  a Merrill  deferred-rotation  system  and  in 
livestock  exclosures  that  had  been  ungrazed  for  20  to  30  years. 
However,  there  was  a significant  difference  between  heavily  stocked, 
continuously  grazed  pastures  and  ungrazed  exclosures  or  Merrill 
deferred-rotation  pastures. 

Knight  and  others  (1980)  studied  the  impact  of  short-term; 
moderate,  continuous;  and  very  heavily  stocked  grazing  systems  on 
infiltration  rates  (Figure  3.3).  These  rates  were  lowest  in  winter 
and  peaked  in  late  spring  and  early  summer , fluctuations  that 
corresponded  very  closely  with  vegetation  growth.  Generally,  there 
was  no  difference  between  the  moderate,  continuous  and  short-duration 
grazing  systems.  The  very  heavily  stocked  system  resulted  in 
significantly  lower  infiltration  rates  than  the  moderate,  continuous 
or  short-duration  systems,  except  for  January  1979. 

The  impact  of  grazing  on  infiltration  rates  will  vary  depending  on 
range  condition.  Generally,  infiltration  rates  of  a site  improve  as 
the  site's  range  condition  improves  (Osborn  1952,'Rauzi  and  others 
1958,  Leithead  1959,  Rauzi  1960,  Johnston  1962,  Rhoades  and  others 
1964).  Several  researchers  (Packer  1951,  Marston  1952,  Orr  1970, 
Meeuwig  1970a)  have  recommended  that  somewhere  between  60  and  75 
percent  of  plant  and  litter  cover  is  required  to  control  surface 
runoff.  Recently  Dadkhah  and  Gifford  (unpublished  manuscript) , found 
that  trampling  may  have  a much  greater  impact  on  infiltration  rates 
than  does  plant  cover  (Figures  3.4  and  3.5).  Generally,  a plant  cover 
maintained  at  approximately  50  percent  is  just  as  good  as  an  30 
percent  litter  cover  in  controlling  infiltration  rates  on  slopes  of  at 
least  15  percent.  As  slopes  become  steeper,  increased  plant  cover  is 
required  to  control  infiltration. 


Water  Quality 

Grazing  is  a diffusa  activity  and  thus  is  a potential  source  of 
nonpoint  pollution.  Available  literature  indicates  that  sediment  and 
bacterial  water-quality  indices  are  the  parameters  of  greatest 
importance  with  wild  equids. 

Sediment  from  Upland  Sites.  Lusby  (1970)  reported  tiiat  an 
ungrazed  watershed  produced  45  percent  less  sediment  than  a heavily 
grazed  watershed.  These  comparisons  were  based  on  a paired  watershed 
approach,  but  the  two  were  not  calibrated  against  one  another  before 
the  grazing  treatment  was  applied.  Lusby  assumed  the  watersheds  were 
similar  before  treatment.  Studies  conducted  in  a Louisiana  forest 
(Duvall  and  Linnartz  1967)  and  on  a Canadian  grassland  (Johnston  1962) 
did  not  show  an  increase  in  sediment  production  from  heavy  grazing. 

A study  on  the  Manitou  Experimental  Forest,  Colorado  found  no 
difference  in  sediment  production  between  moderately,  continuously 
grazed  and  nongrazed  areas  (Dunford  1954).  Similar  results  were 
reported  by  Rich  and  Reynolds  (1963)  in  a study  conducted  on  the 
chaparral  lands  of  Arizona.  However,  moderate  grazing  of  a subalpine 
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range  in  Utah  increased  sediment  production  over  that  of  nongrazed 
areas  (Meeuwig  1965).  Meeuwig  emphasized  the  need  for  proper 
management  to  reduce  grazing  impacts.  A change  in  grazing  management 
on  part  of  the  upper  Rio  Grande  Basin  from  heavy,  continuous  grazing 
to  moderate,  summer -deferred  grazing  resulted  in  sediment  being 
decreased  from  1.72  to  0.54  metric  tons/ha  (Aldon  and  Garcia  1973). 
Buckhouse  and  Gifford  (1976a)  reported  that  2 weeks  of  heavy  grazing 
on  a chained  pinyon-juniper  site  in  southern  Utah  did  not  increase 
sediment  production  over  that  of  an  ungrazed  area. 

Heavily,  continuously  grazed  pastures  on  the  Edwards  Plateau, 

Texas  produced  more  sediment  than  a pasture  grazed  under  a 
four-pasture,  deferred-rotation  system,  but  was  not  different  from  an 
exclosure  that  had  not  been  grazed  for  28  years  (McGinty  and  others 
1978) . Wood  and  others  (1978b)  measured  sediment  loss  from  three 
vegetation  areas  in  eight  different  grazing  treatments  on  the  Rolling 
Plains,  Texas.  In  shrub  zonal  areas,  heavy,  continuous  grazing  did 
not  increase  sediment  production  over  that  of  nongrazed  zonal  areas. 
Heavily,  continuously  grazed  midgrass-interspace  areas  produced  more 
sediment  than  did  the  four-pasture,  deferred-rotation  system  or  a 
20-year -old  livestock  exclosure. 

Knight  and  others  (1980)  studied  the  influence  of  short-term; 
moderate,  continuous;  and  very  heavy,  continuous  grazing  on  sediment 
production  at  Edwards  Plateau,  Texas.  He  found  no  difference  in 
sediment  production  between  moderately,  continuously  grazed  pastures 
and  those  grazed  for  a short  amount  of  time  (Figure  3.6  and  3.7). 
However,  there  was  a large  increase  in  sediment  production  from  the 
very  heavily,  continuously  grazed  pasture  as  compared  to  the  other  two 
levels  of  grazing  intensity. 

As  previously  indicated,  soil  compaction  by  livestock  has  a major 
impact  on  infiltration  rates.  Trampling  also  has  some  impact  on 
sediment  production,  but  the  overwhelming  influence  is  through 
plant-cover  manipulation.  Dadkhah  and  Gifford  (unpublished 
manuscript)  have  found  that  trampling  (up  to  perhaps  30  percent 
disturbance)  has  a major  impact  on  sediment  production  from  bare  and 
sparsely  vegetated  lo^un  soils.  However,  as  plant  cover  increases 
beyond  perhaps  15  to  20  percent,  it  dominates  control  of  sediment 
yield.  Once  cover  extends  over  approximately  50  percent  of  the  land, 
sediment  production  is  statistically  the  same  minimal  value, 
regardless  of  the  trampling  disturbance.  These  findings  conflict  with 
the  suggestions  of  Meeuwig  (1970b)  and  Meeuwig  and  Packer  (1976) , 
which  were  based  simply  on  a visual  inspection  of  regression 
relationships,  that  65  to  75  percent  cover  is  required  to  minimize 
sediment  production.  This  broad  range  obviously  provides  latitude  for 
management  recommendations,  and  the  sediment  issue  becomes  especially 
critical  on  rangelands  that  are  only  capable  of  supporting  50  percent 
cover  at  best. 

To  summarize,  most  studies  show  little  or  no  difference  in 
sediment  production  between  lightly  and  moderately  grazed  pastures. 
Likewise,  many  of  these  studies  show  no  difference  between  nongrazed 
areas  and  lightly  or  moderately  grazed  pastures.  However,  they  almost 
always  show  an  increase  in  sediment  production  from  heavily  grazed 
pastures  as  compared  with  lightly,  moderately,  or  ungrazed  pastures. 
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Sediment  from  Riparian  Zones.  Sediment  production  within  the 
riparian  zone  is  often  a serious  matter/  as  problems  with  bank 
stability  are  often  encountered.  The  bank -stability  proolem  is  often 
a combination  of  such  things  as  destruction  of  vegetation,  mass 
wasting,  and  bank  cutting.  In  general,  natural,  stable, 
well-vegetated  stream  banks  help  maintain  stream-channel  integrity 
(Ames  1977,  Davis  1977,  Glinsk  1977,  Kennedy  1977).  Knight  (1978) 
studied  the  influence  of  deferred  rotation;  rest  rotation;  moderate, 
continuous  grazing;  and  no  grazing  on  riparian  habitat  in  the  Blue 
Mountains,  Oregon.  He  found  that  overwinter  effects  were  more  extreme 
than  could  be  accounted  for  by  livestock  grazing.  However,  several 
recent  papers  (e.g..  Cooper  1978)  suggest  that  there  is  very  little 
scientific  information  available  on  the  relationships  between  grazing 
and  riparian  habitat  management.  Much  of  the  available  information  is 
based  on  observations  and  a few  case  studies. 

Bacteriological  Quality.  Stephenson  and  Street  (1978) 
investigated  both  limited  and  intensive  grazing  systems  at  Reynolds 
Creek  Watershed  in  Idaho.  Results  indicated  that  fecal  coliform 
counts  in  the  waterway  increased  after  the  cattle  were  introduced  and 
remained  at  elevated  levels  for  a period  after  the  cattle  were 
removed.  No  correlation  was  found  between  fecal  coliform  and  stream 
discharge,  but  there  was  a correlation  between  total  coliform  and 
stream  discharge  (r  » 0.85). 

Sites  subjected  to  summer  grazing  followed  the  same  general 
pattern,  with  dilution  and  other  inhibiting  factors  reducing 
concentrations  as  sampling  progressed  downstream.  Inconsistencies 
were  attributed  to  the  tendency  of  cattle  to  congregate  around  trees 
for  shade  and  the  creation  of  a holding  area  for  the  fall  roundup  near 
the  channel.  This  latter  situation  possibly  resembled  a feedlot. 

On  winter  range  sites,  total  and  fecal  coliform  counts  were 
dominated  by  runoff  events.  Again,  counts  increased  when  cattle  were 
returneKi  in  the  fall,  and  a partial  snow  cover  and  frozen  ground 
allowed  runoff  and  flushing  during  the  winter.  Irrigation  return  flow 
washed  the  bacteria  into  the  streaun  from  April  to  August,  when  the 
cattle  were  no  longer  on  the  pasture. 

An  attempt  was  made  in  the  Reynolds  Creek  study  to  use  a proposed 
BLM  allotment  plan  to  study  fecal  contamination,  but  incomplete 
construction  of  fences  allowed  cattle  to  move  back  into  previously 
grazed  allotments,  thereby  confounding  the  results.  Counts  increased 
as  cattle  were  moved  onto  the  allotments  and  fell  after  they  were 
removed.  An  intense  storm  3 weeks  after  the  cattle  were  removed  from 
both  allotments  caused  considerable  increases  in  counts  (between  200 
and  2,000  percent). 

Johnson  and  others  (1978)  studied  the  effects  of  flood-plain 
grazing  by  150  cattle  in  the  Colorado  Front  Range.  An  85-ha  pasture 
bisected  by  a perennial  stream  was  grazed  from  early  April  to 
mid-June,  1977.  Six  samples  were  taken  prior  to,  and  after,  the 
removal  of  cattle.  Sampling  did  noc  begin  until  early  June.  Results 
indicated  significant  increases  in  both  fecal  coliform  and  fecal 
streptococci  counts  over  an  upstream  control.  Within  9 days  after 
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removal  of  the  cattle,  neither  type  of  bacteria  was  statistically 
different  from  its  counterpart  in  the  control. 

Darling  (1973)  investigated  cattle  and  sheep  grazing  on  allotments 
in  the  Logan  River  Basin.  Fecal  coliform  were  monitored  at  low  levels 
( <10  counts/100  ml)  before  the  cattle  and  sheep  were  moved  onto  the 
allotments;  after  they  moved  in  the  fecal  coliform  count  rose,  but  so 
did  that  in  the  control  watershed.  Fecal  streptococci  counts  showed 
much  variation,  but  differences  were  significant  for  all  indicator 
bacteria  when  compared  with  an  ungrazed  watershed. 

The  influence  of  various  land-use  practices  on  bacterial  water 
quality  in  a humid  region  was  investigated  by  Kunkle  (1970)  . The 
land-use  categories  included  forest,  pasture,  barns,  village,  and  a 
composite,  and  the  quality  of  water  stemming  from  the  forested  area 
was  considered  the  control.  Fecal  coliform  counts  were  closely 
related  to  stream  discharge  levels  in  the  grazed  area.  Also,  counts 
exhibited  a hysteresis  loop  with  streaun  flow  much  like  suspended 
sediment  on  the  same  watershed.  The  author  also  found  that  bacteria 
were  stored  at  the  bottom  and  bank  areas  of  the  streams,  and  if 
agitated,  became  part  of  the  stream  load.  By  wading  a reach  of  the 
channel,  Kunkle  found  an  increase  in  fecal -coliform  concentration  30  m 
downstream  and  concluded  that  a floodwave  could  disturb  these  storage 
areas  and  release  the  bacteria.  The  influence  of  channel  storage  and 
lack  of  overland  flow  on  the  watershed  led  to  the  conclusion  that  very 
few  bacteria  were  flushed  during  the  events  originated  on  upland 
areas.  The  channel  and  zones  adjacent  to  the  channel  where  overland 
flow  was  observed  were  cited  as  source  areas  for  the  bacteria. 

A grazing  study  conducted  outside  the  channel  to  determine 
bacterial  pollution  was  reported  by  Buckhouse  and  Gifford  (1976b) . 

The  study  site  was  a chained  pinyon-juniper  community  in  southeastern 
Utah.  The  slash  was  windrowed  and  seeded  to  crested  wheatgrass 
(Aqroovron  cristatum) , and  part  of  it  was  grazed  at  a rate  of  2 
ha/AOM.  Data  were  generated  with  a simulated  28-minute  rainfall. 
Results  indicated  no  statistically  significant  difference  between 
grazed  and  ungrazed  aras.  Analysis  of  source  material  revealed  that 
sufficient  numbers  of  bacteria  existed  for  several  weeks  after 
deposition.  Therefore,  low  counts  were  attributed  to  the  low  density 
of  fecal  material,  which  at  this  stocking  rate  covered  approximately 
0.2  percent  of  the  area. 

Doran  and  Linn  (1979)  monitored  runoff  from  a Nebraska  pasture 
grazed  by  cows  and  calves  for  total  coliform,  fecal  coliform,  and 
fecal  streptococci  during  1976,  1977,  and  1978.  Bacteriological 
counts  in  runoff  from  both  grazed  and  ungrazed  pastures  generally 
exceeded  recommended  water-quality  standards.  Runoff  from  the  grazed 
pasture  contained  5 to  10  times  more  fecal  coliform  than  runoff  from 
the  ungrazed  pasture.  The  authors  reported  little  difference  in  total 
coliform  counts  between  the  grazed  and  ungrazed  areas,  but  fecal 
streptococci  counts  were  higher  in  runoff  from  the  ungrazed  pasture 
and  reflected  the  contributions  from  wildlife.  They  found  the  fecal 
coliform/fecal  streptococci  ratio  in  pasture  runoff  useful  in 
identifying  the  relative  contribution  of  cattle  and  wildlife.  Ratios 
below  0.05  were  indicative  of  wildlife  sources  and  ratios  adaove  0.1 
were  characteristic  of  cattle. 
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Buclchouse  and  others  (1979)  studied  the  influence  of  livestock 
grazing  on  the  bacteriological  quality  of  Meadow  Creek  in  the  central 
Blue  Mountains  of  eastern  Oregon.  They  found  no  detectable  increase 
in  coliform  counts  due  to  livestock  grazing.  Observed  increases  in 
bacteriological  counts  were  due  mainly  to  natural  causes. 


NEEDED  RESEARCH 
Overview 

The  Committee  recommends  that  studies  on  habitat  selection,  food 
preferences  and  consumption  rates,  plant  responses  to  grazing,  animal 
population  responses,  and  hydrologic  effects  be  paralleled  with 
empirical  observations  on  ecosystem  responses  to  grazing  by  different 
numbers  of  equids,  with  and  without  other  herbivores.  We  accord  first 
priority  to  studies  of  horses  with  and  without  cattle  for  several 
reasons . 

1.  Horses  are  more  numerous  and  widespread  than  burros. 

2.  Dietary  data  indicate  that  horses  are  more  likely  to  compete 
with  cattle  than  with  sheep. 

3.  Burro-livestock  overlap  and  possible  competition  are 
potentially  less  extensive,  if  for  no  other  reasons  than  that  burros 
are  more  limited  in  distribution  and  the  desert  areas  they  occupy  have 
a limited  carrying  capacity  for  livestock. 

4.  The  following  research  designs  will  make  it  clear  that  the 
facilities  and  numbers  of  replications  needed  to  study  horse-cattle 
interactions  alone  will  be  demanding  of  personnel,  space,  and 
finances.  Adding  the  study  of  sheep  would  double  these  demands. 
Horse-sheep  interactions  need  to  be  investigated,  but  in  our  view  not 
until  horse-cattle  studies  as  well  as  some  of  the  other  research 
advocated  in  this  report  have  been  provided  for  adequately. 

Impacts  on  wildlife  need  attention,  but  we  are  not  recommending 
formal  studies  at  this  time  for  two  reasons: 

1.  The  possible  combinations  of  interactions  are  too  numerous  to 
be  studied  at  present,  given  the  amount  of  resources  that  are  likely 
to  be  provided;  horse-elk,  horse-bighorn,  horse-pronghorn, 
horse-deer,  burro-desert  bighorn.  Such  a large  number  of  controlled 
studies  seems  out  of  the  question  for  now. 

2.  Experimental  controls  of  the  sort  advocated  in  the 
horse-cattle  studies  are  difficult  to  establish  for  wild  ungulates, 
particularly  when  replication  is  demanded. 

What  we  do  urge  is  that  the  federal  and  state  agencies  be  alert  to 
the  possibility  of  doing  before-and-after  censuses  on  wildlife 
populations  in  areas  where  horse  or  burro  herds  are  to  be  reduced.  If 
several  desert  bighorn  populations,  for  example,  could  be  censused 
before  planned  burro  reductions  and  for  several  years  afterward,  these 
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counts  could  serve  as  experiments.  If>  in  addition / a number  of 
populations  in  nearby  areas  where  burro  reductions  were  not  undertaken 
could  be  similarly  counted,  the  overall  result  would  be  a roughly 
controlled  experiment  that  hopefully  would  give  more  accurate  answers 
than  we  now  have  on  burro-sheep  competition.  Similar  opportunities 
involving  horses  and  wild  ungulates  should  also  be  exploited. 

Accordingly,  we  propose  the  following  three  projects,  which 
concern  horse-cattle  impacts  on  vegetation,  range  hydrology,  and 
riparian  zones. 


Project  8.  Grazing  Impacts  of  Equids  and  Cattle 
on  Range-Plant  Communities 


Rationale 

PL  95-514  requires  that  a program  of  research  be  developed  that 
defines  what  constitutes  excess  numbers  of  animals.  "Excess”  can  be 
interpreted  from  both  the  standpoint  of  animal  population  welfare  and 
welfare  of  the  range.  On  the  latter  point,  there  appears  to  be  little 
quantitative  documentation  in  the  published  literature  of  grazing  use 
by  either  horses  or  burros.  Several  studies  have  documented  plant 
utilization  levels  by  both  burros  (Koehler  1974,  Carothers  and 
coworkers  1976,  Hanley  and  Brady  1977)  and  horses  (Salter  and  Hudson 
1979),  but  grazing  by  other  ungulates  using  the  same  range  has  often 
confounded  the  results,  and  the  attribution  of  specific  levels  of 
defoliation  to  specific  numbers  of  animal  days  of  grazing  use  has  not 
generally  been  done.  Protracted  studies  ( >5  years)  on  range  trend 
are  quantitatively  needed  to  dociunent  adequately  the  effects  of  horses 
on  plant  communities.  However,  in  view  of  the  immediacy  of  the 
question  and  the  brief  amount  of  time  available  to  conduct  the 
required  studies,  quantitative  data  on  plant  utilization  levels  can  be 
used  to  arrive  indirectly  at  an  approximate  definition  of  "excess" 
from  the  standpoint  of  range-plant  community  use  and  stability. 

It  is  quite  apparent  that  herbivores  affect  the  physical  structure 
and  botanical  composition  of  the  plant  communities  upon  which  they 
graze.  However,  for  a given  stocking  rate  or  level  of  herbage 
removal,  the  grazing  effect  is  not  uniform  across  animal  species 
because  various  animals  possess  different  forage  preferences,  dietary 
habits,  and  grazing  behaviors.  To  plan  effective  grazing  management 
prograuns,  the  range  manager  needs  to  know  more  than  merely  which  plant 
species  are  consumed  or  preferred  by  his  grazing  animals  and  the 
extent  to  which  their  diets  overlap.  He  must  also  understand  the 
temporal  and  spatial  patterns  of  such  grazing  use,  the  relative  degree 
of  foliage  removal  on  the  major  forage  plants  in  the  community,  and 
the  parts  of  various  plants  that  are  consumed.  All  of  these  factors 
contribute  to  the  persistence  or  the  demise  of  individual  plants  in  a 
community  and,  ultimately,  to  shifts  in  competitive  relationships  and 
community  succession.  These  relationships  have  been  studied 
relatively  well  under  cattle  and  sheep  grazing  regimes,  but  have 
received  little  attention  where  equids  graze,  either  alone  or  in 
combination  with  other  large  herbivores. 
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Ideally,  such  studies  should  endure  for  more  than  5 years,  so  that 
successional  changes  in  plant  communities  could  be  directly 
evaluated.  However,  it  is  possible  to  draw  inferences  from  short-term 
studies  in  which  utilization  patterns  on  individual  plants  are 
carefully  monitored  and  related  to  published  information  on  the 
physiological  responses  of  these  plants  to  various  levels  of 
defoliation.  Such  studies  would  also  form  the  beginnings  of  longer 
term  investigations  where  successional  change  is  monitored. 

Emphasis  is  given  here  to  horse-cattle  impacts  because  they  appear 
to  constitute  the  most  prevalent  problem  all  over  the  West.  However, 
we  are  not  implying  that  other  domestic  animals  (e.g.,  sheep)  should 
not  be  considered  if  they  are  important  locally.  Nor  do  we  imply  that 
burro-livestock  or  burro-wildlife  interactions  should  not  be 
considered. 


Objectives 

1.  Determine  grazing  distribution  patterns  (habitat  selection) 
of  horses  and  cattle  when  grazed  as  single  species  or  in  combination. 
This  objective  is  to  be  addressed  in  Project  1 (see  Chapter  2). 

2.  Within  important  habitat  segments,  determine  for  the  major 
forage  species: 

a.  Temporal  level  of  utilization  (percentage  of  production 
removed  during  current  year) 

b.  Use  of  standing  dead  or  previous  year's  (in  the  case  of 
shrubs)  plant  material 

c.  Pleuit  parts  utilized 

d.  Frequency  and  timing  of  defoliation 

e.  Production  of  forage  regrowth  and  its  utilization. 


Methodology 

1.  In  contrast  to  Project  1,  this  grazing- impact  study  should  be 
conducted  in  large  paddocks,  say  from  about  100  to  320  (40  to  130) 
acres  in  size.  These  can  be  set  up  in  small  temporarily  or 
permanently  fenced  pastures  so  that  local  environmental  variation  can 
be  adequately  controlled.  The  actual  size  of  these  pastures  will 
depend  upon  the  present  grazing  capacity  of  the  areas  selected  for 
study  and  the  seasons  and  durations  of  the  grazing  periods. 

2.  Domestic  horses  generally  representative  of  the  locale's  wild 
types  might  serve  as  experimental  models  in  studies  of  plant 
utilization  patterns  and  rates , daily  forage-consumption  rates , 
dietary  nutritional  value,  and~to  a partial  extent — forage 
preferences.  Representation  of  social  units  and  sex-age  structures 
typical  of  wild  herds  will  obviously  not  be  possible  in  such 
small-scale,  highly  controlled  studies.  However,  major  attention 
should  be  focused  on  the  reproductive  female.  Domestic  cattle  used  in 
t.hese  studies  should  represent  local  conditions  in  terms  of  breed. 
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sex,  age,  and  reproductive  status.  For  exeunple,  steers  should  not  be 
used  to  represent  lactating  cows  simply  for  the  sake  of  technical 
expediency. 

3.  The  season (s)  of  grazing  should  also  represent  local 
conditions.  For  example,  if  existing  conditions  include  year-long  use 
by  horses  of  sagebrush-bunchgrass  range,  with  typical  spring  use  by 
cows  and  calves,  the  small-scale  pasture  studies  should  be  designed  to 
adequately  represent  and  sample  these  conditions. 

4.  The  treatments  in  this  project  should  be  the  same  as  those  in 
Project  1: 

a.  Grazing  by  equids  at  carrying  capacity 

b.  Excessive  grazing  by  equids 

c.  Grazing  by  cattle  (or  sheep)  at  carrying  capacity 

d.  Excessive  grazing  by  livestock 

e.  Grazing  by  equids  and  livestock  at  carrying  capacity 

f.  Excessive  grazing  by  equids  and  livestock. 

In  addition,  there  should  be  control  pastures  with  no  grazing  by 
either  class  of  animals.  The  stocking  rates  should  be  determined 
through  consultation  with  professional  range  managers  and  scientists 
(BLM,  USFS,  Soil  Conservation  Service  [SCS] , and  university  scientists 
and  extension  specialists)  who  are  familiar  with  problems  and 

conditions  of  the  particular  study  area.  The  combination  treatment 

should  be  stocked  so  that  the  year-long  level  of  grazing  use  is  on  an 
equivalent  AUM  basis  for  the  two  animal  species  concerned. 

5.  Where  possible,  grazing  use  by  native  ungulates  should  be 
incorporated  into  the  design.  This  factor  might  be  treated  as  a 
separate  main  effect  with  appropriate  blocks  for  combinations  of 
horses  (burros),  domestic  livestock,  and  native  ungulates,  or  it  might 
be  analyzed  through  an  alternate  experimental  design  (e.g., 
split-plot)  in  which  separate  blocks  are  not  considered.  The  use  of 
tame,  hand-reared  animals  in  either  of  these  design  contexts  would 
provide  an  avenue  for  highly  controlled  studies  of  equid-wild  ungulate 
interactions.  With  the  exception  of  bighorn  sheep,  considerable 
research  experience  has  been  amassed  from  tame-animal  studies  of 
various  habitat  features  (e.g.,  see  Currie  and  others  1977,  McMahon 
1964,  Neff  1974,  Reichert  1972,  Smith  and  others  1979,  Wallmo  and 
others  1972  for  studies  on  mule  deer;  Collins  1977  for  elk;  and 
Schwartz  and  others  1977  for  pronghorn  antelope) . As  a minimum 
consideration,  range  and  forage  use  by  native  ungulates  should  be 
monitored  in  any  study  location  where  their  presence  is  important. 
Attention  should  be  focused  both  on  social  interactions  with  horses 
(burros)  and  on  possible  interactions  mediated  through  the  food  or 
water  resource. 

6 . Utilization  patterns  and  rates  should  be  carefully  measured 
as  a basis  from  which  plant-community  change  can  be  inferred. 
Utilization  rates  and  levels  should  be  closely  tied  to  amount  of 
grazing  usage  (in  AUDs  or  AUMs;  see  Table  3.1  for  definitions)  by  the 
animal  species  concerned.  This  approach  necessitates  a careful 
quantification  of  growth  (and  regrowth)  curves  for  ungrazed 
representatives  of  plant  species  studied. 


167 


7 . Findings  on  seasonal  levels  and  rates  of  species  utilization 
should  be  related  both  to  appropriate  published  data  and  to  inferences 
drawn  regarding  the  likely  directions  and  rates  of  cominunity  change 
under  various  levels  of  grazing  pressure  and  kind  of  animal  use. 
Examples  of  literature  pertinent  to  such  information  might  include 
West  (1968) , Willard  and  McKell  (1973) , Pechanec  and  Stewart  (1949) , 
West  and  others  (1972) , Hyder  and  others  (1975) , Smith  (1967) , Cook 
(1971) , Ellison  (1960) / and  Laycock  (1967) . The  recent  bibliographic 
source  by  Vallentine  (1978)  should  also  be  consulted  in  this  pursuit. 

3.  The  approach  advocated  here  will  yield  rapid,  although 
relatively  imprecise,  answers  to  questions  about  grazing  impacts.  An 
essential  part  of  such  a study  is  early  establishment  of  permanent 
range-trend  transects  in  both  grazed  and  ungrazed  pasture.  If  the 
experimental  grazing  treatments  could  be  carried  on  past  the  2-year 
limits  imposed  upon  this  study,  such  transects  would  provide  the 
long-term  data  necessary  for  ultimately  determining  the  effects  of 
wild,  free-roaming  horses  and  burros  on  plant-community  chcuige.  Such 
long-term  research  could  be  maintained  beyond  the  initial  2 years  by 
applying  only  low  levels  of  labor  and  money.  The  potential  payoff  is 
high. 


Project  9.  Hydrologic  impacts 


Rationale 

Virtually  no  information  exists  on  the  impacts  of  wild  equids  on 
range  hydrology.  Likewise,  few  data  have  been  recorded  on  the 
influences  grazing  livestock  have  on  range  hydrology  for  the  western 
rangeland  now  supporting  wild  equids.  To  plan  effective  management 
programs,  the  rangeland  manager  needs  to  know  the  impact  of  wild 
equids,  livestock,  and/or  wildlife  on  hydrologic  parameters. 

Hydrologic  responses  are  often  much  slower  and  sometimes  less 
obvious  than  vegetation  changes.  In  order  to  evaluate  hydrologic 
change  adequately,  such  studies  should  endure  for  more  than  5 years) . 
Emphasis  is  given  here  to  the  impact  of  wild  equids  and  wild 
equ id-cattle  interactions.  This  does  not  mean  that  other  animals 
should  not  be  considered  if  they  are  locally  important. 


Objectives 

1.  For  important  habitat  segments,  determine  the  influence  of 
wild  equids  and  wild  equid-livestock  interactions  on  selected 
hydrologic  parameters.  Use  the  data  collected  in  objective  1 to; 

2.  Construct  new  models  or  develop  variables  for  existing 
hydrologic  models  such  as  the  Hawkins  and  Gifford  (1979)  model  or  the 
universal  soil-loss  equation. 
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Methodology 

The  following  research  should  be  carried  out  in  conjunction  with 
Projects  2 and  8. 

1.  Because  of  the  relatively  low  and  highly  variable 
precipitation  on  the  wildequid  range/  and  the  relatively  short  time 
frame  of  this  study,  data  obtained  with  simulated  rainfall  should  be 
the  most  reliable.  This  recommendation  does  not  preclude  the  use  of 
supplemental  natural  runoff  plots  or  small  watershed  data  if  local 
conditions  are  favorable  and  funds  are  available  for  such  studies. 

Ideally,  this  study  should  be  both  intensive  and  extensive  in 
design. 

a.  Intensive  Study.  This  study  should  be  conducted  using 
small  runoff  plots  (1.83  x 22.13  ra  or  6 x 72.6  ft) 
located  on  9 percent  slopes.  This  plot  size  should  be 
large  enough  to  include  the  variability  present  in  an 
area,  particularly  that  associated  with  vegetation 
patterns  (i.e.,  brush-canopy  areas  and  interspace 
areas) . Data  ootained  from  a plot  of  this  size  could  be 
used  to  refine  the  universal  soil-loss  equation  for  use 
on  western  rangelands.  The  runoff  plots  should  be 
instrumented  with  a 15.2-cm  (6-in.)  H-flume  and  a 
20.S-cm  (1-ft)  Coshocton  wheel  sampler  or  similar  water 
measuring  and  sampling  devices.  These  runoff  plots 
would  measure  and  sample  natural  and  simulated  rainfall 
events . 

A rainfall  simulator  (something  similar  to  Meyer's  but  placed  in 
line)  should  be  used  at  selected  time  intervals  during  the  year  to 
apply  rainfall  to  the  runoff  plots.  The  rainfall  application  rate 
should  exceed  infiltration  rates,  and  raindrop  size  and  terminal 
velocities  should  approximate  a natural  storm  of  the  intensity 
simulated. 

A minimum  of  three  runoff  plots  should  be  used  per  grazing 
treatment  and  vegetation-soil  unit  sampled.  From  these  runoff  plots 
the  following  information  should  be  collected  at  predetermined 
intervals  throughout  the  year; 

• Infiltration  rate 

• Sediment  production 

• Additional  water -quality  parameters 

• Vegetational  cover  by  species 

• Bare  ground  cover 

• Shrub-canopy  area  and  interspace  area 

• Microtopography. 

From  shrub-canopy  and  interspace  areas  adjacent  to  the  runoff 

plots,  the  following  information  should  be  collected  at  the  Scune 

predetermined  intervals; 
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• Soil  bulk  density 

• Soil  organic  matter 

' Soil  aggregate  stability 

’ Grass  standing  crop. 

b.  Extensive  Study.  This  study  should  use  a small  portable 
rainfall  simulator  (scaled-down  model  of  the  one  described 
above)  and  variable  runoff  plots  that  will  allow  for 
separation  of  shrub-canopy  areas  and  interspace  areas. 

Runoff  plots  should  be  0.5  to  1 nr  in  size.  Simulated 
rainfall  rates  should  exceed  infiltration  rates,  and  raindrop 
size  and  terminal  velocities  should  be  similar  to  that  of  a 
natural  storm.  These  plots  should  be  relocated  at  selected 
intervals  on  a similar  site  before  the  next  simulated 
rainfall  is  applied.  A minimum  of  six  runoff  plots  should  be 
used  per  grazing  treatment  and  vegetation-soil  unit  sampled. 
The  following  data  should  be  collected  from  each  runoff  plot: 

’ Infiltration  rate 

Sediment  production 
‘ Vegetational  cover  by  species 

Bare  ground  cover 
Microtopography 
Soil  bulk  density 
Soil  organic  matter 
Soil  aggregate  stability 
' Grass  standing  crop. 

2.  The  data  collected  in  the  study  described  above  should  be 
used  in  the  construction  of  new  models  or  in  developing  variables  for 
existing  models,  such  as  the  Hawkins  and  Gifford  (1979)  model  or  the 
universal  soil-loss  equation. 


Project  10.  Riparian-Zone  Impacts 


Rationale 

The  riparian  zone  is  extremely  important,  not  only  in  terms  of 
total  watershed  behavior,  but  also  in  terms  of  its  individual 
components — fish,  wildlife,  insects,  vegetation,  birds,  and  soil. 
This  study  would  concentrate  on  defining  the  impacts  of  wild  equids 
and  cattle  on  hydrologic  behavior  and  water  quality,  both  of  which 
affect  all  other  components  of  the  riparian  zone. 


Objectives 

1.  Determine  the  amount  of  suspended  sediment,  coliform,  total 
dissolved  solids,  and  dissolved  oxygen;  measure  the  water  temperature 
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and  general  channel  stability  of  selected  portions  of  the  riparian 
habitat  grazed  by  wild  equids. 

2.  Relate  measured  water-quality  and  channel-stability 
characteristics  to  the  characteristics  of  the  adjacent  riparian 
habitat.  Important  characteristics  would  include  percentage  of 
vegetative  cover,  grazing  intensity,  and  rest  periods.  Other 
important  considerations  include  general  behavioral  characteristics  of 
the  study  animals  with  respect  to  use  of  the  riparian  habitat. 


Methodology 

The  design  of  this  study  will  depend  to  some  extent  on  whether  the 
grazing  animals  are  using  springs,  established  water  holes,  or  live 
streams  as  a source  of  water.  It  would  oe  desirable,  if  possible,  to 
include  riparian  zones  with  the  headwater  originating  in  the  pastures 
and  in  relatively  good  biological  condition.  The  stream 
characteristics  should  be  as  similar  in  all  treatments  as  possible. 

If  these  criteria  cannot  be  met  and  a reach  of  a river  or  stream  has 
to  be  used,  water-quality  sampling  will  have  to  be  carried  out  on  a 
"flow-through"  basis.  Samples  will  have  to  be  taken  as  water  enters  a 
specific  reach  representing  a given  grazing  treatment,  and  again  as 
water  leaves  the  reach.  This  scheme  dictates  that  intensity  of  use 
must  increase  in  a downstream  direction  rather  than  in  a random 
pattern. 

VHien  assessing  the  impact  of  animals  on  ponds,  seeps,  or  springs, 
similar  water  sources  will  have  to  be  replicated  in  each  pasture. 

Data  should  be  collected  at  predetermined  intervals  throughout  the 
year . 


CHAPTER  4 


SOCIOECONOMIC  AND  POLITICAL  ISSUES 


INFORMATION  NEEDS 

Socioeconomic  emd  political  factors  must  be  considered  in  any 
decisions  about  the  management  of  public  lands  and  resources.  Three 
categories  of  information  needs  have  been  identified  in  this  broad 
subject  area. 

First,  economic  information  is  needed  about  the  demand  for  wild 
and  free-roaming  horses  and  burros  and  on  the  cost  of  various 
management  alternatives.  Both  the  direct  costs  of  the  horse  and  burro 
management  program  and  the  indirect  costs  on  other  range  management 
progreuns  should  be  assessed.  Such  information  is  needed  to  supplement 
what  is  known  about  the  use  and  management  of  public  rangelands;  i.e., 
livestock  and  range  economics  focused  on  economic  characteristics  of 
individual  firms;  economic  industry  studies  depicting  the  structure  of 
livestock-dependent  communities  and  regions,  and  the  impact  of 
possible  changes  in  these  structures;  and  economic  valuation  of 
extra-market  wildlife  values,  with  possible  extensions  of 
methodologies  to  horse  and  burro  populations . 

Second,  decision  makers  in  federal  land-management  agencies  need 
data  to  help  them  determine  proper  management  strategies  for  wild 
horse  and  burro  populations  on  federal  lands  within  the  context  of  the 
agencies'  overall  responsibilities  for  land  management.  The 
decision-making  processes  of  these  institutions  must  be  understood  if 
the  scientific  information  they  provide  about  horses  and  burros  is  to 
be  effectively  applied.  It  is  also  important  for  scientists  to 
understand  the  legal  and  political  constraints  confronting  federal 
land  managers,  so  that  management  decisions  acceptable  to  all  those 
concerned  can  be  made. 

Third,  information  is  needed  regarding  public  attitudes,  values, 
and  management  preferences  so  that  appropriate  management  policies  and 
strategies  can  be  determined.  This  information  should  quantify  the 
relative  worth  of  wild  horses  and  burros  to  the  various  sectors  of  the 
public  concerned  about  them.  The  value  of  wild  horses  and  burros 
relative  to  that  of  livestock  and  other  wildlife  should  focus  on  the 
recreational,  aesthetic,  utilitarian,  ecological,  scientific,  and 
historical  benefits  and  costs  associated  with  all  these  animals.  In 
addition,  information  is  needed  regarding  the  public's  preference  for 
alternative  management  and  control  strategies.  Studies  of  predator 
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control  and  endangered  species  protection  have  revealed  that  several 
variables  seriously  affect  public  attitudes  towards  management  and 
control.  The  views  of  both  the  general  public  and  special  interest 
groups  should  be  considered. 


STATE  OP  KNOWLEDGE 
Information  Sources 

Numerous  sources  were  searched  in  order  to  assess  the  current 
state  of  knowledge  regarding  legal,  political,  economic,  and 
sociological  issues.  Many  journals,  articles.  Congressional  hearings 
and  other  government  documents,  technical  publications,  books,  and 
manuscripts  chronicle  the  long  history  and  intensity  of  the  issue. 
Several  basic  bibliographies,  periodical  indexes,  and  computerized 
data-access  systems  were  used  to  assess  the  full  parameters  of  the 
debate.  The  following  computer  systems  were  searched  for  relevant 
citations: 


AGRICOLA  (Agricultural  Data  Base) 

BIOSIS 

CIS  (Congressional  Index  Service) 

CRECORD  (Congressional  Record) 

ENVIROLINE 

EPB  (Environmental  Periodical  Bibliography) 

GPO  Monthly  Catalogue 

LEXIS 

NTIS 

Social  Science  Search 
USDA/CRIS. 

The  library  collections  of  the  University  of  California  at  Davis  and 
Berkeley  and  of  Yale  University  were  also  searched.  The  following 
sources  were  searched  manually: 

Bibliographies  of  references  uncovered  by  the  searches 
Bibliography  of  Wildlife  Theses 
Biological  and  Agricultural  Index 
Conservation  and  Wildlife  Bibliography 

Dissertation  Abstracts  International  (Social  Sciences  and 
Biological  Sciences) 

Environment:  A Bibliography  of  Social  Science  and  Related 

Literature  (U.S.  Environmental  Protection  Agency) 

Forest  History  Society  Bibliographies 
General  Science  Index 
Index  to  Legal  Periodicals 
Keyword  Index  of  Wildlife  Research 

Natural  Science  Research  Reports:  1973  - May  1978,  Southwest 

Region,  NPS 

Public  Affairs  Information  Service 
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Reader's  Guide  to  Periodic  Literature 

Wild,  Free-Roaming  Horses  - An  Annotated  Bibliography 

Wildlife  Review. 

To  supplement  the  literature  searches,  several  active  range  and 
natural  resource  economists  at  New  Mexico  State  University,  University 
of  Wyoming,  and  Utah  State  University  were  consulted.  Interested 
public  and  private  organizations  and  individuals  and  various  state  and 
federal  agencies  were  contacted  personally,  by  telephone,  or  by  mail. 

Contacts  were  made  with  34  agencies  and  organizations.  Federal 
agencies  included  BLM,  National  Parle  Service  (NPS)  , the  U.S.  Fish  and 
Wildlife  Service,  and  the  USPS.  Letters  requesting  information  at  the 
state  and  district  level  were  sent  to  all  BLM  state  offices  and  to  all 
state  fish  and  game  departments  that  deal  with  wild  horses  and 
burros.  Some  19  private  organizations  and  interest  groups  were 
contacted  by  letter  or  telephone.  After  careful  initial  investigation, 
five  organizations~BLM,  NPS,  the  Humane  Society  of  the  United  States, 
the  Fund  for  Animals,  and  the  American  Horse  Protection 
Association — were  visited  in  Washington,  D.C.;  files  were  inspected 
and  relevant  personnel  interviewed. 

Nine  individuals — academics  and  others  with  special 
expertise — were  consulted.  In  addition,  a great  deal  of  anecdotal 
information,  as  well  as  transcripts  from  various  public  meetings,  were 
collected  and  are  available  upon  request.  Correspondence  and  clipping 
files  were  identified  as  potential  sources  of  raw  data. 


Economic  Considerations 

The  economics  literature  that  focuses  specifically  on  issues 
concerning  wild  and  free-roaming  horses  and  burros  (abbreviated  WFRHB 
in  this  chapter)  is  rather  sparse  (only  Hyde  1978;  Godfrey  1979a,  b) . 
However,  range  and  ranch  economics  has  a long-established  history  at 
many  land-grant  institutions  in  the  West.  From  the  mid-1950s  through 
1969,  the  Western  Agricultural  Economics  Research  Council  (WAEBC) 
sponsored  the  Committee  on  the  Economics  of  Range  Use  and 
Development.  During  those  years,  that  committee  issued  a series  of 
reports  and  proceedings  on  a wide  variety  of  range  resource  and 
management  topics;  their  last  report  (WAERC  1969)  is  a range  and  ranch 
economics  bibliography.  In  our  review  we  found  many  references  to 
reasonably  current  studies.  Nielsen  and  Workman  (1971)  and  Ching 
(1978)  list  rather  extensive  bibliographies  relating  to  ranching  and 
public  land  use  in  the  western  states. 

Thus,  we  conclude  that  enough  information  and  background  analysis 
exist  to  permit  a basic  understanding  of  the  economics  of  livestock 
firms  and  of  the  economic  structure  of  livestock-dependent  communities 
or  regions.  There  are  many  studies,  cited  in  Appendix  C,  that  pertain 
specifically  to  particular  ranching  areas  in  the  West  or  that  clearly 
define  the  methodological  approaches  that  can  be  used  in  studies  in 
other  areas. 
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Part  of  the  impetus  for  PL  95-514  was  the  concern  that  the  public 
rangelands  were  producing  at  less  than  their  potential.  Several 
reports  published  earlier  in  the  decade  gave  evidence  of  this 
situation;  e.g./  see  portions  of  the  Public  Land  Law  Review  Commission 
report.  One  Third  of  the  Nation's  Land  (U.S.  Department  of  Commerce 
1970);  study  reports  by  the  Stanford  Environmental  Law  Society  (1971) 
and  the  University  of  Wyoming  College  of  Law  (1970) ; a U.S.  General 
Accounting  Office  study  (1977);  Box  and  others  (1977);  and  papers 
contained  in  the  1977  Porum  on  the  Economics  of  Public  Land  Use  in  the 
West  (Ching  1978) . The  recent  economics  literature  includes  some 
citations  on  range  improvement;  e.g.,  Godfrey  (1972),  Stevens  and 
Godfrey  (1972),  Cordingly  and  Kearl  (1975),  Heady  and  Bartolome 
(1977)  , and  Olson  and  others  (1977) . These  studies  provide 
information  about  and  methodologies  for  addressing  public  rangeland 
improvement  problems,  which  may  be  useful  in  those  cases  where 
rangeland  improvements  and  WFRHB  populations  occur  together  and  where 
the  economic  effect  of  improvement  must  be  considered  in  the 
allocative  management  decision. 

Although  little  economic  literature  specific  to  WFRHB  issues  is 
available,  theoretical  methodologies  applicable  to  the  problem 
probably  exist.  Market  and  nonmarket  valuation  techniques  are 
developed,  although  the  latter  are  less  refined  and  are  still 
undergoing  additional  theoretical  development.  Nonmarket  valuation 
and  analysis  for  environmental  and  aesthetic  nonconsumable 
goods — including  wildlife — are  discussed  in  Krutilla  (1972) , Brown  and 
others  (1973),  NAS  (1975),  Brookshire  and  others  (1979),  and  Section 
704.129  (Recreation)  of  the  recent  U.S.  Water  Resources  Council  report 
(1979) . 

Two  economists  have  written  papers  on  WFRHB  issues.  Hyde  (1978) , 
in  a variation  of  a paper  previously  presented  at  the  1977  National 
Wild  Horse  Forum  (Artz  1977),  developed  an  approach  for  a qualitative 
evaluation  of  management  alternatives  by  comparing  "consumer"  benefits 
with  management  costs.  The  elements  in  Hyde's  approach  included 

(a)  the  value  of  recreational  viewing  of  horses  (and  burros); 

(b)  "vicarious"  values,  gained  through  the  enjoyment  of  others  or 
through  the  mere  knowledge  that  wild  horses  (and  burros)  will  be  there 
whether  one  ever  sees  them  or  not;  (c)  the  values  of  adopted  animals 
to  foster  owners;  (d)  the  opportunity  cost  of  domestic  livestock  and 
wildlife  foregone  because  of  competing  WFRHB  populations  on  the  public 
ranges;  (e)  the  separable  cost  of  managing  WFRHB  populations, 
including  roundup,  disposal,  legal,  and  enforcement  costs;  (f)  and  the 
cost  of  negative  externalities  created  by  WFRHB  management  on  private 
individuals  and  economic  units~e.g.,  unwanted  grazing  on  private 
land.  Hyde  recognized  the  difficulty  in  quantifying  the 
above-mentioned  elements  for  management,  but  urged  that  it  be 
attempted  in  demonstrative  case  studies. 

The  second,  and  more  recent,  survey  of  the  impact  of  the  Wild  and 
Free-Roaming  Horse  and  Burro  Act  was  performed  by  Godfrey  (1979a,  b) . 
(The  first  citation  is  a project  report  and  the  second  a short 
publication  summarizing  the  former.)  Godfrey  (1979b; 50)  noted  that 
"there  are  reasons  why  the  capture  and  use  of  WFRHB  need  to  be 
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controlled  but  it  is  not  obvious  that  the  present  laws  result  in 
efficient  or  equitable  solutions,"  and  that  "most  of  the  research  that 
has  been  advocated  by  others  is  ecological,  and  must  precede  any 
economic  evaluation  of  the  WFRHB  problem. " 

Major  socioeconomic  areas  of  inquiry  identified  by  Godfrey  as 
needing  attention  included;  (a)  the  value  of  and  demand  for  WFRHB, 

(b)  evaluation  of  adoption  procedure  and  success,  (c)  evaluation  of 
control  and  management  techniques,  (d)  analysis  of  optimal  WFRHB 
numbers  and  management  alternatives  for  maintaining  populations,  and 
(e)  evaluation  of  the  costs  of  existing  legal  regulations  and 
restrictions.  The  study,  which  was  based  on  response  to  a mail  survey 
of  BLM  and  OSFS  districts  in  the  10  western  states,  attempted  an 
evaluation  of  the  economic  costs  of  WFRHB  management  through  the  1973 
fiscal  year  and  described  reported  impacts  on  other  uses. 


Legal  and  Political  Issues . 

The  legal-political  literature  on  matters  directly  and  indirectly 
germane  to  this  inquiry  is  extensive.  In  the  specific  area  of  WFRHB 
policy  and  law,  numerous  journals,  articles.  Congressional  hearings 
and  other  government  documents,  technical  publications,  books,  and 
manuscripts  chronicle  the  long  history  and  intensity  of  the  issue.  We 
conclude  that  when  the  printed  material  on  this  policy  issue  is  added 
to  the  public  hearing  and  other  interview  material  generated  by  the 
sf forts  of  this  Committee,  no  primary  research  will  be  required. 

Equally  important  is  the  extensive  literature  concerned  with 
federal  land-use  planning,  multiple-use  decision  making,  wildlife 
management,  and  the  history  of  public  lands.  The  extensive  literature 
that  exists  on  many  of  the  issues  of  concern  to  this  Committee  will 
provide  vital  input  to  its  final  report,  even  though  no  research  needs 
to  be  done  in  these  areas.  The  Committee's  final  report  to  Congress 
should  discuss  the  historical  background  of  the  federal 
land-management  agencies  and  the  resources  they  manage.  This 
information  is  already  available  in  a number  of  publications. 

However,  it  must  be  studied  so  that  the  final  Committee  report  can 
place  the  wild  horse  and  burro  management  prograua  in  the  context  of 
the  agencies'  management  authorities,  their  institutional  structures, 
and  their  historic  personnel  and  budget  resources. 

The  legislative  history  of  the  Wild  and  Free-Roaming  Horses  and 
Burros  Act  should  also  be  analyzed,  along  with  the  pre-1971  management 
of  these  animals  under  state  estray  laws.  The  material  for  this 
analysis  exists  already.  The  final  report  should  also  discuss  the 
agencies ' single-purpose  mandates  as  they  constrain  multiple-use 
management.  The  constraints  include  the  Endangered  Species  Act  of 
1973,  the  cultural  resources  program,  and  the  mining  laws.  Again,  the 
literature  on  these  issues  exists  and  no  primary  research  is  required. 

Table  4.1  contains  a list  of  civil  cases  filed  under  the  Wild  and 
Free-Roaming  Horse  and  Burro  Act  along  with  brief  descriptions  of  the 
legal  issues  presented  in  each  case.  Most  of  the  lawsuits  fall  into 
two  categories:  (1)  those  challenging  the  need  for  roundups  and  the 
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TABLE  4 . 1 Cases  Filed  Under  the  Wild  and  Free-Roaming  Horse  and  Burro  Act 


Reported  Cases 


1.  Kleppe  V.  New  Mexaeo,  426  U.S.  529  (1979)  Constitutionality  of  the  Act,  particularly 

federal  authority  to  manage  wildlife  on  public  lands. 

2.  American  Horse  Protection  Ass'n  v.  U.S.  Deot.  of  the  Interior,  S51  F.  2d  432  (D.C,  Cir. 

197/)  Howe  Massacre  litigation.  Issue:  whether  ownership  under  state  laws  is  to 

be  determi.ned  by  state  or  federal  officials.  Final  decision  is  federal  under  SS 
of  the  Act  upholding  federal  authority. 

Soaring  Springs  Associates  v.  Andrus,  471  F.  Supp.  522  (D.  Or.  1978)  Obligation  of 
federal  government  to  remove  wild  horses  from  unfenced  private  lands. 

4.  Sheridan  v.  Andrus.  465  F.  Supp.  662  (D.  Colo.  1979)  (Craig^  Colo.)  Alleged  improper 
taJcing  by  government  of  horses  owned  by  plaintiffs. 

5-  American  Horse  Protection  Ass'n  v.  Andrus.  460  F.  Supp.  880  (D.  Nev,  1978)  (Palomino 
Corral  and  Nevada  roundups).  Compliance  with  NEPA;  legality  of  roundiips;  humane 
conditions,  (Appeal  pending  before  Ninth  Circuit). 

6*  American  .Horse  Protection  Ass’n  v.  Klepoe , 6 ELS  20802  (D.  D.C.  Sept.  9,  1976) 

X<s9Ality  of  Challis  roundup  under  the  Act  and  NEPA. 

7.  American  Horse  Protection  Ass'n  v.  Frizzell.  403  F.  Supp.  1206  (D.  Nev.  1975)  (Stone 
Cabin  roundup) . Legality  of  roundup  under  the  Act  and  NEPA  and  legality  of  state 
cooperative  agreement. 


Unreoorted  or  Pending  Cases 


Mountain  States  Legal  Foundation  v.  Andrus.  Civ.  No.  C79-275  (D.  Wyo.  filed  9/20/79) 
parties  seek  to  order  Dept,  of  the  Interior  to  reduce  horse  numbers  so  as 
to  prevent  alleged  damage  to  public  lands,  to  remove  all  horses  from  checkerboard 
private  lands  and  to  pay  monetary  damages  for  past  harm  to  plaintiffs. 

2-  State  of  Nevada  v.  U.S.,  Civ.  No.  R-79-185-aRT  (D.  Nev.  filed  3/20/79) . State  seeks 

court-ordered  gathering  of  horses  back  to  1971  census  levels  and  a declaratory 
judgment  that  the  state  can  manage  the  wild  horse  population  itself  without  federal 
interference. 

2-  State  of  Nevada  v.  P.S. . Civ.  No.  R-78-0076  (D.  Nev.  3/25/78)  Jurisdiction  of  state 

versus  federal  government  in  ownership  determinations.  (Dismissed  3/28/79)  (sasm 
issue  as  American  Horse  Protection  Ass'n  v.  D.3.  Dept,  of  the  Interior) . 

.National  Animal  Welfare  League  v.  U.S.  Deot.  of  the  Interior,  (Civ.  NO.  F-77-93  E.D. 
Cal)  (burros  in  Saline  Valley,  Calif.)  Legality  of  wild  burro  roundup  program 
(bighorn  conflict) . 

Humane  Society  of  the  U.S.  v.  Udall,  Civ.  No.  2158-68  (D.  D.C.  1968).  Challenge  to 

Ftyor  Mt.  roundup.  Case  dismissed  when  3LM  stated  it  had  no  plans  for  a roundup. 
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adequacy  of  the  environmental  impact  statements  relied  upon  by  the 
government,  and  (2)  those  challenging  federal,  as  opposed  to  state, 
government  authority  over  the  animals.  The  lawsuits  reflect  serious 
concern  about  the  implementation  of  the  Act  by  those  interested  in 
protecting  wild  horses  and  burros,  those  interested  in  preserving 
state  control  over  them,  and  those  concerned  about  the  impact  of  the 
animals  on  rangelands.  The  lawsuits  also  illustrate  serious 
disagreement  among  experts  about  fundamental  information  like  herd 
size,  population  levels  and  trends,  reproductive  rates,  and  the  impact 
of  the  animals  on  other  resources  such  as  wildlife  and  the  range 
itself.  The  Committee  will  further  analyze  the  use  of  such 
information  in  these  lawsuits  and  the  reaction  of  the  courts  to  this 
information  by  reviewing  the  transcripts  of  all  judicial  proceedings. 
The  final  report  will  provide  more  detail.  However,  primary  research 
is  unnecessary. 


Sociological  Aspects 

An  empirical  data  base  is  lacking  regarding  the  sociological 
aspects  of  the  wild  horse  euid  burro  issue.  Many  interesting  and 
provocative  accounts  were  found,  but  nearly  all  stemmed  from  hearsay. 
The  only  limited  attempt  to  ascertain  public  attitudes  on  the  issue 
empirically—as  well  as  to  determine  relative  values  associated  with 
wild  horses— was  undertaken  by  Rey  (1975).  The  major  thrust  of  Rey's 
contribution  was  to  "define  exactly  which  resource  values  associated 
with  wild  horses  should  be  maintained."  To  determine  public  sentiment 
on  the  issue,  he  surveyed  recreationists  and  other  key  resource  groups 
in  the  Pryor  Mountain  area  for  preferences  regarding  various  wildlife 
species  (including  wild  horses)  and  for  presumptions  about  the 
benefits  associated  with  wild  horses.  While  the  methodology  could 
have  been  scientifically  more  sophisticated,  the  information  provided 
at  least  some  insight  on  the  topic  and  represents — except  for  a fairly 
limited  study  by  the  NPS  on  burros— just  about  the  only  empirical 
material  on  the  subject.  On  the  other  heuid,  some  useful 
sociopolitical  analyses  have  been  written,  and  these  are  summarized  in 
the  annotated  bibliography  in  Appendix  C. 


WEEDED  RESEARCH 
Levels  of  Inquiry 

All  or  part  of  the  recommended  projects  should  be  carried  out  at 
several  levels  of  intensity.  Whatever  level  is  chosen,  selection  of 
representative  research  sites  should  be  based  on  socioeconomic  as  well 
as  biological  considerations.  We  have  identified  three  such  levels  of 
analytic  effort  that  are  based  on  the  management  relevance  of  the 
information  generated  and  the  availability  of  research  resources. 

A minimum-level  research  program  in  the  socioeconomic  area  would 
include  Project  llA— "Taxonomy  of  Values  and  Benefits  of  WFRHB," 
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Project  13 — "Management  Costs  of  WFRHB  Alternatives,"  and  a 
time-lagged  study—Project  14 — "Economic  Considerations  for  Management 
Alternatives  Drawn  from  Proposed  Research  Programs."  This  research 
can  be  conducted  largely,  but  not  exclusively,  by  systematic  analysis 
of  existing  materials. 

Increased  research  resources  would  permit  a higher  but  still 
restricted  level  of  inquiry.  It  would  involve  generation  of  original 
data,  but  issues  would  have  to  be  specific,  and  populations  and  sites 
would  be,  of  necessity,  limited.  Projects  that  would  be  included  in 
an  intermediate  research  program  (in  addition  to  those  noted  above) 
are  Project  IIB — "Public  Preferences  for  Alternative  Management  and 
Control  Strategies,"  Project  12 — "Analysis  and  Evaluation  of  Demands 
for  Excess  WPRHB,"  and  Project  15— "Nonmarket  Values  for  WFRHB." 

Socioeconomic  data  necessary  to  a systems-level  understanding  of 
WFRHB  management  issues  could  be  generated  at  a third,  more  inclusive, 
level  of  research  effort.  This  level  would  require  that  all  projects 
11-15  be  executed  with  the  final  attention  to  research  agendas  of 
Project  lie — "Public  Attitudes,  Behaviors,  and  Knowledge  Regarding 
WFRHB"  and  Project  16— "Conceptual  Development  of  Public  Rangeland 
Management  Models."  Note  that  each  higher  level  of  effort  is  to 
include  the  projects  in  the  level  below  it. 


Project  11.  Public  Attitudes 

llA.  Taxonomy  of  Values  and  Benefits  of  WFRHB 

IIB.  Public  Preferences  for  Alternative  Management  and  Control 
Strategies 

lie.  Public  Attitudes,  Behaviors,  and  Knowledge  Regarding  WFRHB 


Rationale 

The  joint  report  submitted  by  the  BLM  and  OSFS  to  Congress  in  1976 
stated  that  "greater  public  understanding  of  the  wild  horse  and  burro 
situation,  plus  public  involvement  in  decisions  concerning  these 
animals,  is  vital  to  stated  management  goals."  In  this  section  we 
propose  a series  of  research  efforts  that  could  enhance  agency 
understanding  of  public  awareness,  needs,  attitudes,  and  preferences. 


Objectives 

Three  interrelated  projects  are  identified  as  llA,  IIB,  and  IIC. 
They  involve  different  objectives  and  levels  of  data  collection 
efforts.  The  third  project,  IIC,  incorporates  llA  and  IIB  within  the 
context  of  a larger,  much  more  costly  primary-data  collection  effort. 
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llA;  Values  and  Benefits  of  Wild  Horses  and  Burros.  On  the  basis 
of  existing,  secondary-source  information  (e.g.,  public  testimony, 
hearings.  Congressional  records,  etc.),  develop  a taxonomy  of 
commodity  and  noncommodity  values  and  benefits  associated  with  wild 
horses  and  burros  relative  to  other  public  land  resources. 

IIB;  Public  Preferences  for  Alternative  Management  and  Control 
Strategies . Collect  original  but  limited  site-  and 
population-specific  public  attitude  information  regarding  preferences 
for  alternative  WFRHB  management  and  control  strategies. 

IIC;  Public  Attitudes,  Behaviors,  and  Knowledge  Regarding  WFPWB. 
Conduct  national  and  special- interest  group  study  of  public  attitudes, 
knowledge,  and  behaviors  associated  with  WFBHB.  The  objectives  of 
this  project  include  those  identified  in  llA  and  IIB.  Furthermore, 
collect  information  on  public  awareness,  knowledge,  and  understanding 
of  the  WFBHB  issue  (including  related  issues  of  multiple-use 
management,  legislative  mandates,  and  potential  socioeconomic  impacts 
of  alternative  WFRHB  management  practices  on  rangeland-dependent 
commercial  activities) . 


Methodology 

llA;  Values  and  Benefits  of  Wild  Horses  and  Burros.  Conduct 
content  analysis  of  secondary-source  information  (e.g.,  public 
hearings.  Congressional  testimony,  etc.)  to  develop  a taxonomy  of 
values  and  benefits  associated  with  WFBHB.  An  empirical  assessment  of 
the  relative  importance  and  strength  of  these  values  among 
special-interest  groups  and  the  general  public  would  require  some  form 
of  public  survey  research,  described  below  under  IIC. 

IIB;  Public  Preferences  for  Alternative  Management  and  Control 
Strategies.  Conduct  a small-scale  survey  of  special-interest  groups 
representing  livestock  producers,  horse  and  burro  advocates,  and 
wildlife  and  range  scientists  regarding  alternative  control 
strategies.  As  much  as  possible,  the  sample  site  for  this  data 
collection  should  correspond  with  the  location  of  the  biological  and 
ecological  research  efforts.  The  methodological  steps  associated  with 
the  survey  work  in  project  IIB  are  described  under  IIC.  These  same 
procedures  are  applicable  in  IIB  but  on  a more  restricted  scale. 

IIC;  Public  Attitudes,  Behaviors,  and  Knowledge  Regarding  WFBHB. 

1.  Sample  selection  and  data  collection.  Two  samples  should  be 
drawn,  the  first  consisting  of  the  following  special-interest  groups: 
livestock  producers  (particularly  cattlemen) , horse  and  burro 
protection  advocates,  and  wildlife  professionals.  The  second  sample 
should  be  a cross  section  of  the  American  population  differentiated 
according  to  level  of  familiarity  with  or  knowledge  about  the  horse 
and  burro  issue. 
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The  selection  of  both  groups  should  be  random.  In  the  case  of  the 
special-interest  groups,  stratified  random-sample  selection  may  be 
required.  For  example,  a random  sample  of  livestock  producers  could 
be  obtained  through  BLM  districts,  weighting  each  district  for  numbers 
of  stockmen.  In  addition,  the  cooperation  of  national  organizations 
(e.g.,  the  National  Cattlemen's  Association)  could  be  enlisted. 
Similarly,  horse  and  burro  advocates  and  wildlife  professionals  could 
be  selected  from  organization  lists  properly  weighted  for  the  size  and 
representativeness  of  the  groups  involved. 

The  national  sample  should  be  drawn  according  to  probability 
random  selection  standards:  i.e.,  each  individual  in  the  population 

should  have  a roughly  equivalent  chance  of  being  selected.  Given  cost 
constraints,  a telephone  interview  is  most  appropriate.  In  creating 
the  sample,  some  type  of  random-digit  dialing  method  should  be 
employed.  An  acceptable  method  should  be  used  to  randomly  designate  a 
desired  respondent  within  households  of  various  sizes.  Once  the  size 
of  the  household  has  been  determined,  the  caller  is  to  ask  for  the 
designated  respondent.  If  that  individual  is  not  at  home,  a minimum 
of  two  callbacks  should  be  attempted  before  the  designated  respondent 
is  dropped.  These  callbacks  should  be  made  in  the  evenings  and  on 
weekends,  if  possible.  The  general  public  sample  should  not  be 
selected  or  interviewed  in  the  summer  months  to  avoid  bias  stemming 
from  different  likelihoods  of  interviewees  being  at  home. 

The  telephone  interviews  should  not  require  more  than  20  to  30 
minutes  to  complete.  If  more  time  is  needed,  especially  in  the  case 
of  the  special-interest  group  samples,  mailed  questionnaires  should  be 
substituted.  If  such  instruments  are  used,  a response  rate  of  at 
least  60  percent  is  required,  and  some  type  of  validation  of 
nonrespondents  should  be  carried  out. 

If  the  data  collection  is  subcontracted,  the  subcontract  should  be 
made  only  with  private  or  public  firms  with  the  capacity  to  perform 
national  sampling.  Competitive  bids  should  be  required  from  at  least 
10  potential  subcontractors.  These  bids  should  include  a study 
proposal,  cost  estimates  with  major  categorical  breakdowns,  and  a list 
of  at  least  six  previous  clients  who  can  comment  on  the 
subcontractor's  work  (if  possible,  such  clients  should  be  in  the 
natural  resource  area  or  have  conducted  a national  sample) . At  least 
15  percent  of  the  interviews  should  be  verified.  It  is  assumed  that 
the  subcontractor  will  code  and  keypunch  all  the  data  collected.  The 
principal  investigator  is  expected  to  work  with  the  subcontractor  on 
developing  the  coding  system. 

When  special-interest  groups  are  sampled,  subgroups  should  be  of 
at  least  the  following  sizes:  livestock  producers,  400;  horse  and 

burro  advocates,  200;  wildlife  professionals,  200.  The  general  public 
should  be  divided  into  informed  (knowledgeable  about  the  horse  and 
burro  issue)  and  uninformed  groups.  The  size  of  the  former  should  be 
at  least  300;  that  of  the  latter,  400.  At  Least  150  respondents 
should  reside  in  the  major  livestock-producing  states  and,  thus,  a 
special  oversampling  may  be  required  in  this  area.  If  this 
oversampling  occurs,  proper  weights  should  be  used  in  any  analysis 
that  refers  to  the  overall  American  public. 
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2.  Interview  schedule.  The  basic  interview  schedule  should 
consist  of  five  sections: 

a.  Attitudes  and  values  associated  with  wild  horses  and 
burros.  This  subject  area  should  be  explored  separately  for  both 
horses  and  burros r and  also  in  relation  to  livestock  and  wildlife. 

b.  Attitudes  concerning  the  socioeconomic  problems  and 
benefits  of  wild  horse  and  burro  management,  range  management  for 
livestock,  and  related  wildlife-management  issues.  Public 
preferences  and  concerns  for  alternative  wild  horse  and  burro 
management  and  control  strategies  should  be  included. 

c.  Knowledge,  awareness,  and  understanding  of  wild  horses 
and  burros,  range  management,  and  relevant  wildlife  needs  and 
populations  should  be  covered. 

d.  Behavioral  interactions  with  wild  horses  and  burros, 
wildlife,  livestock,  and  outdoor  recreational  activities  that 
might  correlate  with  perceptions  of  the  wild  horse  and  burro  issue. 

e.  Sociodemographic  characteristics  of  respondents, 
particularly  age,  sex,  income,  education,  occupation,  size  of 
town,  region,  and  parents'  occupation. 

Three  variations  of  this  interview  schedule  should  be 
administered,  depending  on  whether  the  respondent  is  a member  of  a 
special-interest  group,  the  informed  general  public,  or  the  uninformed 
general  public.  The  special-interest  group  interview  schedule  should 
consist  of  all  the  areas  mentioned  above,  plus  a number  of  questions 
of  particular  relevance  to  these  groups.  For  example,  livestock 
producers  should  be  queried  as  to  the  way  in  which  they  perceive 
socioeconomic  impacts  of  varying  levels  of  wild  horse  and  burro 
management;  horse  and  burro  advocates  should  be  asked  extra  questions 
regarding  alternative  control  options;  wildlife  professionals  should 
address  extra  questions  on  the  competitive  interactions  and  population 
dynamics  of  horses  and  burros  in  relation  to  indigenous  wildlife. 

The  first  section  of  the  general  public  interview  schedule  should 
focus  on  knowledge,  awareness,  and  understanding  of  the  issue.  If  the 
respondent  indicates  lack  of  awareness  of  or  familiarity  with  the 
issue,  only  a shortened  version  of  the  remaining  interview  schedule 
should  be  administered.  This  shortened  version  should  only  include 
some  general  attitudinal  questions  regarding  horse  and  burro  values, 
alternative  control  options,  and  sociodemographic  characteristics. 

Those  members  of  the  general  public  who  indicate  either  a relatively 
moderate  or  great  knowledge  and  awareness  of  the  issue  should  be 
administered  the  complete  interview  schedule. 

At  least  three  complete  pretests  of  the  interview  schedule  should 
be  developed  and  administered  to  samples  of  at  least  100  respondents. 
The  pretest  samples  need  not  be  randomly  selected,  but  should  include 
to  the  extent  possible  a representative  cross  section  of  the 
population . 

As  much  as  is  possible,  attitude  questions — particularly  those 
regarding  horse  and  burro  management — should  attempt  to  include 
socioeconomic  impacts  and  tradeoffs  in  their  design.  In  addition,  all 


183 


attitude  questions  should  include  some  measure  of  intensity  (e.g., 
Likert  scale  question) . 

3.  Timetable . 


Project  llA:  6-raonth  study 

Project  IIB;  12-month  study  (breakdown  similar  to  llC) 

Project  IIC:  13-month  study:  first  6 months — study  design, 

pretesting,  subcontracting;  6th  to  10th  month~data 
collection;  10th  to  14th  month — data  analysis;  14th 
to  lath  month — presentation  of  results  and  final 
report.  Progress  reports  should  be  submitted  once 
every  2 months.  A thorough  progress  report  should 
be  submitted  at  the  conclusion  of  month  12.  A 
preliminary  final  report  should  be  submitted  at  the 
end  of  month  16. 


Project  12.  Analysis  and  Evaluation  of  Demands  for  Excess  WFRHB 


Rationale 


Much  of  the  research  activity  recommended  in  Chapters  2 and  3 is 
designed  to  describe  or  predict  the  future  supply  of  WFRHB  on  western 
rangelands.  If  WFRHB  populations  need  to  be  managed,  public  decision 
makers  will  have  to  be  informed  about  the  demand  for  the  animals  so 
that  the  "excess"  may  be  removed  and/or  placed  in  the  most 
cost-effective  manner. 

As  of  October  7,  1979,  14,685  "excess"  WFRHB  were  placed  via  BLM's 
adoption  program  and  12,620  applications  for  adoption  were  pending 
("Wild  Horse  and  Burro  Program  Monthly  Report,  September-October 
1979") . These  problems  and  applications  relate  to  a rather  large 
population  of  adopters  that  can  be  examined  to  determine  consumer 
preferences  and  characteristics  of  both  successful  and  unsuccessful 
adoptions.  An  integrated  survey  of  individuals  and  organizations 
active  in  the  Adopt-A-Horse  Program  that  seeks  information  on  past 
adoptions,  pending  applications,  characteristics  of  adopted  animals, 
and  potential  pools  of  future  "excess  animals"  will  help  clarify  the 
prospects  for  alternative  management  programs.  These  past  experiences 
with  the  adoption  program  can  provide  useful  information. 


Objectives 

1.  Carefully  examine  adoptions,  applications,  and  characteristics 
of  WFRHB  populations.  Give  explicit  attention  to  the  following: 

a.  What  are  the  characteristics  of  successful  and 
unsuccessful  WFRHB  adoptions? 

b.  What  are  the  consumer  preferences  for  WFRHB? 

c.  What  types  of  animals  are  adoptable? 

d.  Are  there  any  demands  for  currently  unadoptable  animals? 


184 


e.  Are  there  alternatives  to  destruction  of  unadoptable 
animals,  or  should  they  be  immediately  destroyed  at  roundup  to 
save  nonrecoverable  costs? 

f.  What  changes,  if  any,  in  adoptees  and  adopters  have 
occurred  as  a result  of  the  new  provision  for  private  ownership  of 
no  more  than  four  animals?  Has  the  new  program  caused  any  other 
chcuiges,  and  if  so,  what  kinds? 

g.  What  are  the  private  costs  and  benefits  of  adopting 
WFRHB?  What  happens  after  adoption? 

h.  What  are  the  characteristics  of  "problem"  adoptions? 

i.  What  happens  if  an  individual  doesn't  get  the  kind  of 
animals  he  or  she  wants? 

j.  Where  in  the  United  States  are  there  likely  to  be 
markets  for  future  placements,  and  how  can  these  potential  demands 
be  fulfilled  most  efficiently? 

All  of  the  questions  listed  above  will  ultimately  improve  methods  for 
disposing  of  excess  animals. 

2.  Evaluate  the  existing  data  base  and  record  system  for  the 
purpose  of  answering  questions  like  the  ones  mentioned  above.  The 
contractor  shall  make  specific  recommendations  for  establishing 
comparable  record  systems — including  those  at  collection  and 
distribution  centers— to  facilitate  data  collection  and  analysis. 


Methodology 

The  successful  completion  of  this  project  will  require  the 
evaluation  of  adoption  applications,  actual  placements,  and  animal 
records.  Both  past  and  prospective  adopters  need  to  be  surveyed.  The 
survey (s)  will  probably  require  stratification  with  respect  to  area  or 
region  of  placement,  policy  at  placement,  number  of  animals  per 
adopter,  etc.  Valid  sample  subpopulations  to  be  reflected  in  the 
stratification  are  to  be  determined  by  the  contractor.  Animal  records 
at  collection  and  distribution  centers  will  also  provide  useful 
information.  Statistical  analysis  and  modeling  may  be  required  to 
develop  predictive  tools  for  linking  possible  future  demands  with 
possible  WFRHB  supplies. 


Project  13.  Management  Costs  of  WFRHB  Alternatives 


Rationale 

So  that  WFRHB  populations  may  be  managed  efficiently,  there  is  a 
need  to  estimate  the  economic  costs  of  such  management  activities  as 
census  and  inventory,  roundup  and  disposal,  enforcement,  planning,  and 
administration  under  current  programs.  It  is  important  that  all  costs 
be  accurately  and  uniformly  identified  and  developed,  so  that  managers 
and  decision  makers  can  be  assured  that  comparisons  between  districts, 
herds,  collection  centers,  distribution  centers,  etc.  are  valid. 
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Objectives 

1.  Identify  separable  and  joint  costs  for  management  units 
associated  with  WFRHB  management  activities. 

2.  Examine  current  agency  cost  categories  and  estimates  for 
coverage  and  adequacy. 

3.  Develop  and  monitor  a cost-reporting  system  to  reflect  WFRHB 
management  costs  for  at  least  1 year  of  management  activity. 

4.  Analyze  factors  influencing  activity  costs  and  make 
recommendations  for  future  collection  of  administrative  and  management 
costs  associated  with  the  WFRHB  program. 

5.  Suggest  cost-effective  management  alternatives  and  optimally 
sized  administrative  and  management  units  that  will  take  into  account 
the  nature  of  economic  costs  and  carry  out  required  WFRHB  management 
activities  most  efficiently. 


Methodology 

District  amd  area  data,  and  perhaps  herd-specific  data,  can  be 
used  to  develop  estimates  for  all  activities  associated  with  WFRHB 
management.  Factors  can  be  identified  that  influence  activity  costs, 
and  costs  should  be  estimated  in  a uniform  manner  over  all  study 
areas.  For  example,  roundup  costs  could  be  examined  at  three  possible 
levelS“Costs  per  roundup,  per  animal,  and  per  adopted  animal — and 
could  vary  as  a function  of  such  factors  as  the  number  and  age 
distribution  of  animals  processed,  herd  density,  season,  topography, 
type  of  habitat  and  watershed,  roundup  technique  (e.g.,  helicopter, 
water  trap,  etc.),  and  others  that  are  found  to  influence  costs.  The 
data  collected  for  different  districts,  areas,  and  herds  ought  to 
yield  sufficient  variability  in  the  factors  influencing  costs  to 
provide  management  with  programmatic  cost  estimates  over  a range  of 
management  alternatives.  Results  will  be  useful  for  improving  the 
efficiency  of  management,  and  can  provide  insights  as  to  what  kinds  of 
herds  should  be  fostered  and  how  they  should  be  managed. 


Project  14.  Economic  Considerations  for  Management  Alternatives 
Drawn  from  Proposed  Research  Programs 

Rationale 

This  research  project  may  be  the  most  difficult  to  specify  and  to 
manage.  It  will  require  the  development  of  a research  agenda  after 
the  research  programs  suggested  in  Chapters  2 and  3 have  been 
specified  and  accepted.  Project  14  thus  depends  directly  upon  those 
research  programs.  It  can  cover  a wide  range  of  topics;  it  is 
intended  to  be  the  mechanism  for  translating  the  output  of  those 
programs  into  relevant  economic  measures. 

For  example,  the  nature  of  interspecific  competition  between 
WFRHB,  wildlife,  and  livestock  determines  the  economic  tradeoffs  among 
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those  species  on  a given  type  of  range.  The  costs  of  repairing, 
replacing,  or  improving  structures,  watersheds,  watering  facilities, 
etc.  are  a measure  of  the  cost  of  possible  environmental  degradation, 
once  the  nature  and  extent  of  that  damage  is  quantified.  If  selected 
contraception  techniques  prove  feasible  as  management  tools,  the  costs 
associated  with  each  method  with  respect  to  effectiveness,  duration, 
etc.,  are  important  to  management  efficiency.  If  WFRHB  have  a 
preference  for  improved  ranges  over  natural  areas,  what  are  the  losses 
(costs)  to  BLM  rangeland  improvement  programs  previously  expressed  as 
livestock  benefits?  If  there  are  seasonal  overlaps  in  forage 
preferences,  can  the  carrying  capacity  of  the  range  be  further 
improved,  and  if  so  at  what  cost?  Other  important  economic  dimensions 
will  become  evident  as  the  research  program  is  specified  and 
implemented.  Close  coordination  among  the  several  projects  will  be 
required. 


Objectives  and  Methodology 

The  objectives  of  this  project  need  to  be  developed  after  the 
Committee's  other  research  programs  are  specified  and  initiated.  The 
objectives  should  be  identified  at  the  end  of  the  first  year's 
research  programs,  after  the  nature  and  design  of  those  programs  have 
been  clarified  and  they  have  been  implemented  for  the  first  season. 
Project  development  could  be  an  item  on  the  agenda  of  the  Committee  or 
its  Subcommittee  3 at  the  time  the  Committee  reviews  the  first  year's 
research.  One  approach  to  implementation  might  be  to  supply  funds  for 
a project  investigator (s)  and  for  the  augmentation  of  projects  that 
are  determined  to  have  aspects  of  interest  to  Project  14. 


Project  15.  Nonmarket  Values  for  WFRHB 


Rationale 

This  project  requires  an  investigation  into  the  nonmarket  aspects 
of  WFRHB.  Such  an  inquiry  might  follow  the  lines  of  recent  advances 
in  wildlife  valuation.  The  nature  and  extent  of  nonmarket  WFRHB 
values  need  to  be  ascertained  so  that  managers  can  make  decisions  that 
are  supported  by  a wide  spectrum  of  the  public.  Quantification  of 
nonmarket  and  recreational  values  for  WFRHB  would  be  an  aid  to  future 
management  efforts. 


Obj ectives 

1.  Quantify  the  nonmarket  values  of  WFRHB  populations  in  the 
West.  Examine  a variety  of  questions,  including,  for  exaimple; 

a.  Are  there  areas  (herds)  where  WFRHB  are  being  demanded  on 
an  aesthetic  or  recreational  basis  or  are  values  more 
characteristically  "option"  values  or  "existence"  values? 
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b.  What  is  the  nature  of  these  values  and  is  there  currently 
any  commercial  effect  on  local  communities  or  regions? 

c.  Would  recreational  benefits  be  enhanced  by  establishing 
viewing  refuges  as  opposed  to  more  dispersed  spatial  distributions? 

d.  Are  there  "negative"  recreational  impacts  and  how  might 
those  negative  benefits  (costs)  be  mitigated? 

2.  Direct  equal  attention  toward  determining  whether  district, 
area,  or  herd  differences  affect  nonmarket  values  for  WFRHB 
populations. 


Methodology 

This  project  will  require  surveys  of  potential  "user"  populations 
that  investigate  aesthetic,  option,  and  existence  values.  It  may  be 
desirable  to  coordinate  this  investigation  with  the  regional  and 
national  survey  to  be  conducted  for  Project  11,  which  seeks  to 
identify  public  attitudes,  values,  and  preferences  associated  with 
WFRHB.  Additional  field  activity  will  be  required  to  identify 
characteristics  associated  with  "valued"  herds  and  areas,  a 
designation  determined  by  the  level  of  current  visitation  and  viewing. 


Project  16.  Conceptual  Development  of  public 
Rangeland  Management  Models 


Rationale 

This  proposed  project  is  meant  to  be  a conceptual  mechanism  for 
drawing  together  the  outputs  from  the  various  research  projects  to  be 
funded  under  this  program.  Project  16  would  examine  the 
comprehensiveness  of  the  proposed  research  program  and  suggest  how  the 
various  bits  and  pieces  of  preexisting  information  might  be  integrated 
with  the  proposed  research  results  into  usable  management  models  for 
several  selected  study  areas.  This  project  serves  a twofold  purpose; 
first,  to  help  ensure  that  research  outputs  are  potentially  usable  in 
alternative  models  and  to  suggest  possible  additional  information 
needs  that  would  facilitate  such  use;  and  second,  to  provide  a 
springboard  for  a possible  empirical  study  to  be  conducted  after 
results  are  available  from  the  study  program  recommended  by  this 
Committee.  A large  aunount  of  information  will  be  generated  by  the 
various  research  projects  recommended  in  this  report.  Most  of  that 
information  will  become  available  just  prior  to  the  completion  of  the 
Committee's  contractual  obligation.  The  empirical  study  would  be  a 
continuation  of  this  proposed  "conceptual  development  of  public 
rangeland  management  models"  project,  and  would  involve  the 
quantification  of  those  conceptual  models. 


Objectives 
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The  objective  is  to  enhance  the  management  of  public  rangelands  in 
the  West,  by  creating  policy-relevant  models  that  will  facilitate  the 
examination  of  alternative  objectives  or  goals.  Once  the  factual 
information  base  about  horses  and  burros  is  strengthened,  the  models 
should  be  able  to  evaluate  the  outcomes  of  alterative  solutions 
against  changes  in  the  population  dynamics  of  WFRHB.  Such  models 
could  quantify  the  tradeoffs  among  WFRHB,  wildlife,  and  livestock. 

Such  models  should  also  help  assess  the  impacts  of  alternative 
management  policies  on  ecosystems  and  economic  activities. 


Methodology 

This  project  provides  the  opportunity  to  thoroughly  review  what  is 
known  about  WFRHB  and  their  interactive  effects  by  applying  that 
knowledge  to  the  development  of  conceptual  models  for  public  rangeland 
management.  Such  models  must  reflect  institutional  as  well  as 
scientific  and  socioeconomic  realism,  and  must  include  alternative 
management  scenarios  for  multiple  use  of  public  grazing  lands  in  the 
West. 
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CHAPTER  5 


RESEARCH  AND  MANAGEMENT  METHODOLOGY  FOR  WILD  EQUIPS 


INFORMATION  NEEDS 

Chapters  2,  3,  and  4 o£  this  report  have  explored  what  is  known 
about  the  biology  o£  horses  and  burros,  their  interrelationships  with 
other  ecosystem  components,  and  the  social  and  economic  values 
involved  in  their  management.  These  sections  have  also  outlined 
research  needed  to  expand  knowledge  in  these  three  areas.  But  little 
has  been  said  so  £ar  about  actual  management  methods , or  about  some  o£ 
the  technical  problems  that  will  be  encountered  in  the  prescribed 
research. 

This  chapter  addresses  some  o£  these  methodological  problems.  A 
reliable  census  method  is  obviously  indispensable  to  a sound 
management  program,  and  the  existing  censuses  have  been  criticized  by 
a number  o£  observers.  Hence,  considerable  space  is  devoted  to  this 
tool.  Similar  scrutiny  is  given  to  the  commonly  used  range-survey 
methodology,  inasmuch  as  a knowledge  o£  range  condition  is  essential 
to  understanding  both  equid  wel£are  and  that  o£  the  other  ecosystem 
components . 

PL  95-514  also  raises  the  possibility  o£  "sterilization"  in 
addition  to  natural  control  and  removal  for  maintaining  equids  at 
desirable  population  levels.  Hence,  some  consideration  is  given  to 
the  matter  of  hormonal  contraception  in  the  mare.  Since  horses  and 
burros  must  be  restrained  in  the  course  of  both  management  and 
research  efforts,  the  techniques  of  chemical  immobilization  and 
capture  are  reviewed. 

A variety  of  research  techniques  is  also  considered.  Alternate 
techniques  of  diet  analysis  as  well  as  some  of  the  unique  problems  of 
studying  equid  nutrition  are  discussed  in  this  chapter  and  in  Appendix 
A.  Sampling  considerations  in  behavioral  studies,  and  the  assay  of 
blood  chemistry  to  provide  indices  of  nutritional  state,  both  for 
research  and  management  purposes,  are  explored  at  some  length. 


STATE  OP  KNOWLEDGE 
Information  Sources 

In  addition  to  reviewing  the  published  and  unpublished  sources 
described  in  previous  chapters.  Committee  member  Eberhardt  visited 
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four  BLM  districts  (Burns,  Vale,  Lakeview,  and  Challis)  for  the 
purpose  of  gaining  preliminary  familiarity  with  census  procedures.  He 
spent  2 hours  in  the  air  in  one  of  these  districts  and  considerable 
time  interviewing  people  on  the  ground  in  all  four.  As  a result  of 
these  efforts,  he  has  acquired  300  to  400  photographs,  and  a 
considerable  mass  of  BLM  census  data  from  numerous  districts.  This 
document  file  (currently  at  New  Mexico  State  University)  remains  to  be 
cataloged  and  reduced. 

Committee  chairman  Wagner  conducted  preliminary  analyses  on  the 
wild-horse  census  data  from  72  BLM  districts  and  national  forests 
covering  periods  of  1 to  11  years  (see  Table  2.11)  . He  detected 
several  biases  and  calculated  preliminary  estimates  of  their 
magnitude.  It  was  from  these  data  that  the  preliminary  calculations 
on  herd  increase  rates  discussed  under  "Equid  Demography"  (Chapter  2) 
were  made.  The  state  of  knowledge  concerning  census  is  reviewed  in 
the  following  section.  But  the  data  need  further  analysis,  which 
should  be  carried  out  as  part  of  the  census  research  program. 


Census 


Potential  Methods 

Animal  population  measurements  fall  into  one  of  three  basic 
categories:  (1)  indices,  (2)  complete  counts,  and  (3)  estimates  based 

on  sampling  approaches  of  various  kinds.  With  the  exception  of  a few 
small-scale  research  studies,  most  current  and  recent  efforts  to 
census  wild  horses  and  burros  have  involved  some  form  of  aerial 
counting,  and  complete  counts  have  usually  been  attempted.  Doubtless 
this  choice  has  evolved  from  considerations  of  cost-effectiveness, 
topography,  and  manpower  limitations.  There  are  almost  no  published 
data  on  the  accuracy  of  aerial  counts  of  wild  horses  and  burros,  and 
very  little  data  on  the  variability  to  be  expected  in  repeated  surveys 
of  the  same  areas.  It  is  essential  to  obtain  such  information  before 
making  a final  decision  on  a particular  method,  and  in  order  to  do  so, 
aerial  surveys  for  wild  horses  and  burros  must  be  researched.  In  this 
review  we  have  assumed  that  the  principal  method  to  be  considered  is 
aerial  counting,  and  other  potential  methods  will  be  touched  upon  only 
briefly. 


1.  Indices.  Many  wildlife  problems  have  been  approached  by 
measuring  relative  abundance,  i.e.,  using  an  index  of  abundance. 
Indices  generally  do  not  provide  estimates  or  counts  of  the  actual 
numbers  of  animals  in  an  area,  but  rather  give  relative  measures  of 
numbers.  All  indices  depend  on  one  universal  assumption:  that  the 

index  values  are  some  constant  function  of,  or  bear  some  constant 
relationship  to,  actual  population  size.  Where  this  assumption  holds, 
they  are  valuable  for  estimating  rates  of  population  change  over  time, 
and  often  can  be  used  in  estimating  mortality  and  reproductive  rates. 
They  are  also  frequently  useful  in  comparing  relative  densities 
between  areas. 


192 


It  is  problematical  whether  such  index  methods  as  roadside  counts, 
track  counts,  and  fecal  counts  have  utility  for  wild  horses  and 
burros.  Roadside  counts  might  simply  be  tallies  kept  in  the  course  of 
travel  on  other  business  or  made  on  selected  routes  at  prescribed 
times.  In  suitable  areas,  counts  at  watering  sites  could  conceivably 
be  effective.  Track  counts  might  be  combined  with  visual  counts,  but 
would  probably  be  most  effective  if  made  on  fresh  snow  or.  after  a 
heavy  rain.  Fecal  counts  have  not  been  used  much  for  equids.  They 
have  been  extensively  employed  for  cervids,  particularly  for 
white-tailed  deer  and  elk.  Correction  factors  are  available  to 
convert  the  counts  to  estimates  of  absolute  abundance.  Similar 
factors  might  be  obtainable  for  equids.  Development  of  an  effective 
index  method  would  require  that  a designed  study  be  combined  with 
censuses  conducted  by  proven  methods. 

Since  any  management  program  involving  forage  allocation  to  a 
specified  number  of  equids  would  require  an  estimate  of  absolute 
numbers  of  horses  and  burros,  an  index  would  not  in  itself  be 
suitable.  It  would,  have  to  be  "calibrated"  somehow  so  as  to  provide 
an  estimate  of  absolute  numbers.  Actually,  it  may  be  appropriate  to 
consider  many  of  the  present  aerial-survey  estimates  as  indices,  as 
will  be  discussed  below.  It  is  for  this  reason  that  the  subject  of 
indices  has  been  mentioned  briefly  here,  and  because  of  the  tentative 
inferences  on  horse-population  trends  drawn  earlier  in  this  report 
from  the  aerial  censuses. 

2 . Complete  Counts.  The  present  BLM  surveys  are  almost 
exclusively  attempts  at  complete  aerial  counts  of  all  animals  on  a 
given  area.  In  fairly  open  areas  with  low  vegetation,  a skillful 
observer  working  with  a cooperative  pilot  may  well  be  able  to  tally 
nearly  all  of  the  animals  present.  Scientific  proof  of  such  an 
assertion  depends  on  some  sort  of  independent  check,  presumably  best 
obtained  by  a marking  program.  In  areas  of  dissected  topography  and 
heavy  cover,  it  is  quite  likely  that  some  proportion  of  the  animals 
present  are  missed.  Caughley  (1974)  has  assembled  data  from  various 
surveys  of  different  species  indicating  that  appreciable  fractions  of 
the  animals  present  are  not  seen  from  the  air.  A great  deal  of 
experience  with  African  "game"  has  led  workers  there  to  use  rather 
narrow  strips  for  aerial  counts,  and  to  depend  on  sampling  rather  than 
attempting  complete  counts  (cf.  Sinclair  1972,  Goddard  1967).  Since 
much  of  that  experience  comes  from  environments  quite  similar  in 
topography  and  vegetative  cover  to  many  horse  and  burro  ranges,  it  is 
appropriate  to  give  careful  consideration  to  the  techniques  thus 
developed . 

There  is  also  evidence  that  such  factors  as  airspeed,  altitude, 
width  of  strip  searched,  type  of  aircraft,  and  observer  experience 
have  important  effects  on  aerial  counts.  These  factors  are  described 
by  Erickson  and  Siniff  (1963)  , Pennycuick  and  Western  (1972)  , LeResche 
and  Rausch  (1974),  Worton-Gr iff iths  (1975,  1976),  Caughley  and  others 
(1976),  and  Frei  and  others  (1979). 

The  major  problem  with  attempting  complete  counts  is  to  devise 
tests  of  their  accuracy  and  correction  factors  for  deviations  from 
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absolute  accuracy.  One  such  test  is  the  "bounded -counts"  method.  It 
requires  a number  of  successive  counts,  made  under  such  conditions 
that  there  is  some  positive  probability  of  counting  all  animals 
present  in  an  area  in  at  least  one  of  the  counts.  The  two  highest 
counts  are  then  used  to  estimate  the  actual  population.  The  method  is 
based  on  theory  developed  by  Robson  and  Whitlock  (1964),  and  was 
suggested  by  Regier  and  Robson  (1967).  Overton  and  Davis  (1969) 
provide  some  further  discussion. 

The  bounded-counts  method  depends  on  the  ability  to  conduct 
repeated  independent  counts  of  the  same  population  without  tallying 
any  animal  twice  on  a given  count.  The  critical  assumption  in  the 
method  is  that  conditions  will  permit  a definite  (although  possibly 
very  small)  probability  that  all  animals  in  a population  are  counted. 

No  technique  for  checking  it  seems  to  have  been  suggested  as  yet.  As 
an  illustration  of  the  kind  of  situation  in  which  the  method  may  fail, 
we  have  used  data  on  18  successive  aerial  counts  of  black  rhinoceros 
presented  by  Goddard  (1967)  , and  computed  population  estimates  from 
the  bounded-counts  method  on  6 successive  sets  of  3 surveys.  The 
results  were  24,  26,  40,  47,  28,  and  34  rhinos  estimated  to  be  in  the 
population.  However,  Goddard  had  independent  data  to  show  that  there 
were  in  fact  69  animals  present.  Some  of  the  animals  were  under  heavy 
cover  or  otherwise  concealed  so  that  they  could  not  be  seen  from  the 
air . 

Another  alternative  exists  for  areas  where  known  numbers  of 
animals  are  removed.  If  counts  are  made  before  and  after  the 
removals,  and  these  counts  are  consistent — i.e.,  the  degree  of 
undercounting  is  the  same  on  each  count — then  some  simple  algebra 
employing  the  counts  and  the  known  number  removed  yields  an  estimate 
of  the  degree  of  undercounting,  and  thus  an  estimate  of  the  true  total. 

One  prospect  for  checking  coverage  has  been  described  as  "ground 
truthing,"  or  having  ground  observers  maintain  intensive  coverage  of 
some  sample  areas  in  such  a fashion  that  they  can  determine  whether 
given  bands  are  missed  from  the  air.  This  scheme  has  not  been 
attempted  with  wild  horses  or  burros,  but  it  has  been  applied 
elsewhere.  An  account  of  the  essential  aspects  of  one  application  may 
be  found  in  Eberhardt  and  others  (1979).  Some  trials  would  be 
necessary  to  determine  if  the  method  could  be  usefully  applied  to  wild 
horses  or  burros.  A likely  approach  would  be  that  of  positioning 
ground  observers  in  places  where  they  could  keep  one  or  more  bands  of 
horses  under  continuous  observation,  and  thus  determine  whether  those 
bands  would  be  spotted  by  the  aerial  observers.  An  obvious  difficulty 
is  that  of  determining  just  which  bands  were  sighted  by  the  aerial 
observers.  That  may  be  dealt  with  by  careful  mapping  of  locations 
from  both  air  and  ground.  In  census ing  wild  horses,  band  size  and 
coloration  of  particular  individuals  could  be  used  to  aid  in  checking 
the  identity  of  given  bands. 

Possibly  radio  telemetry  could  be  used  in  place  of  ground 
observers  to  establish  the  positions  of  particular  bands.  These  data 
can  then  be  checked  against  the  aerial  observer's  record.  An 
application  of  this  idea  has  been  given  by  Floyd  and  others  (1979)  , 
who  conducted  quadrat  searches  for  white-tailed  deer.  They  used 


194 


telemetered  deer,  and  arranged  flight  plans  (without  the  observer's 
knowledge)  so  that  the  aircraft  passed  over  the  area  in  which  the  deer 
were  located.  The  marked  deer  were  identified  by  the  presence  of 
"collars"  and  the  fraction  of  marked  deer  actually  seen  was  used  to 
correct  the  total  counts  on  the  survey  quadrats.  As  the  authors 
noted,  these  checks  should  be  done  on  quadrats  that  are  part  of  the 
actual  survey  area,  and  should  be  conducted  within  the  framework  of 
the  actual  survey.  Also,  if  complete  counts  are  attempted,  there 
should  be  no  need  to  conduct  a special  auxiliary  survey  of  this  type . 
All  that  is  needed  is  to  be  sure  that  the  observers  do  tally  any 
marked  animals . 

Another  means  for  checking  the  accuracy  of  absolute  counts  is  by 
marking  specified  numbers  of  animals  in  areas  to  be  censused,  and  then 
determining  the  proportion  of  these  seen  during  the  census.  It  is 
then  assumed  that  the  same  proportion  of  unmarked  animals  is  seen.  It 
is  an  implicit  assumption  that  the  probability  of  seeing  a marked 
animal  is  the  same  as  that  of  seeing  an  unmarked  animal,  and  it  must 
then  be  true  that  the  mark  is  not  so  conspicuous  as  to  make  the  animal 
more  readily  seen.  It  must  also  be  true  that  the  act  of  marking  does 
not  make  the  marked  animals  shy  and  more  prone  to  flee  at  sound  of  an 
approaching  aircraft. 

Marking  has  been  done  either  with  paint-filled  frangible  bullets 
fired  from  a carbon-dioxide-powered  gun,  or  with  specially  made  darts 
propelled  from  an  explosive-powered  gun.  The  latter  device  is  said  to 
have  much  better  accuracy  and  range.  The  use  of  natural  marks 
undoubtedly  has  potential;  some  investigators  have  used  them, 
particularly  people  doing  behavioral  studies  in  situations  where  the 
results  might  be  influenced  by  the  handling  or  harassment  involved  in 
applying  an  artificial  mark  or  tag.  The  main  technical  question  has 
to  do  with  the  problems  of  misidentif ication  or  failure  to  identify  a 
"known"  individual  in  subsequent  samples.  Because  of  the  potential 
for  such  confusion,  it  might  be  advisable  to  use  natural  marks  only  in 
situations  where  a few  thoroughly  experienced  observers  are  working 
together  in  a circumscribed  area  and  where  photographs  can  be  used  to 
record  (and  techeck)  markings.  The  technique  thus  does  not  seem 
useful  for  large-scale  surveys. 

One  variant  of  the  use  of  natural  markings  may  be  worth  further 
consideration  for  use  on  wild  horses.  This  is  an  adaptation  of  the 
technique  developed  by  Hewitt  (1967) , who  censused  male  red-winged 
blackbirds  by  the  Petersen  (Lincoln  index)  method.  Birds  were 
"marked"  by  locations  and  landmarks  described  into  a tape  recorder 
(distances  were  measured  by  a car  odometer)  during  the  first  trip 
through  a census  area.  On  a second  trip,  the  observer  listened  to  the 
tape  and  checked  distances  to  determine  which  of  the  birds  seen  were 
also  observed  on  the  first  trip.  For  wild  horses,  a combination  of 
distinctive  coloration,  band  size,  «ind  location  could  be  used  to 
identify  previously  sighted  bands.  Such  a census  might  be  practicable 
only  on  rather  open  and  accessible  ranges.  Otherwise,  the  tendency 
for  bands  of  animals  to  occupy  particular  areas  might  well  bias  the 
results  by  making  "marked"  bands  more  likely  to  be  reobserved  on  the 
second  trip  than  unmarked  bands.  Counts  would  need  to  be  made  on 
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successive  days  to  reduce  the  effects  of  movements  from  area  to  area/ 
and  thus  several  observers  might  be  required  to  cover  a given 
management  unit. 

3 . Estimates  Based  on  Sampling.  While  most  of  the  current  work 
on  equid  census  attempts  complete  counts,  there  may  be  situations  in 
which  accurate,  complete  counts  are  not  practical  or  feasible,  and  in 
which  some  sampling  approach  might  be  appropriate.  Far  more  wildlife 
census  work  depends  on  sampling  procedures  than  on  complete  counts. 
Several  of  the  currently  used  principles  of  sampling  estimation  may  be 
useful  for  equid  census  under  given  conditions. 

a.  Mark  and  resight  methods.  This  method,  a modification  of 
the  more  traditional  capture-recapture  method  for  aerial  use, 
might  well  have  potential.  Animals  in  the  first  sample  from  an 
area  are  marked  after  being  captured — or  from  the  air  as  described 
above — and  then  released  into  the  population  at  large.  Visual 
sightings  are  then  used  to  determine  the  fraction  marked  and  thus 
to  estimate  the  population  size.  The  attempts  to  date  to  use  this 
method  on  equids  have  apparently  been  restricted  to  the 
application  of  the  Petersen  method  to  a single  resighting  survey 
(unpublished  BLM  studies  in  Arizona). 

A more  effective  approach  would  be  to  use  repeated  resighting 
surveys  to  improve  the  precision  of  the  result  (narrow  the 
confidence  limits) . This  has  been  done  for  deer  by  Rice  and 
Harder  (1977).  When  repeated  resighting  surveys  are  used,  it  is 
important  to  determine  the  relative  efforts  that  should  be  devoted 
to  marking  as  compared  to  resighting.  Relative  cost  or  effort 
data  should  be  obtained  and  used,  along  with  variance  estimates 
from  the  appropriate  population  estimation  model,  to  determine  an 
optimum  allocation  of  effort.  Robson  and  Regier  (1964)  have  done 
this  for  the  Petersen  method  with  a single  marking  and  single 
recapture.  If  their  analysis  can  be  extended  to  multiple 
recaptures,  it  would  correspond  with  the  mark  and  resight 
situation. 

Once  again,  an  underlying  assumption  for  this  method  is  that 
the  probability  of  resighting  is  the  same  for  marked  animals  as  it 
is  for  unmarked  animals.  However,  it  may  be  that  the  trauma 
experienced  by  animals  shot  with  tranquilizer  darts  from  a 
helicopter  will  make  them  take  flight  when  they  again  hear  a 
helicopter.  Thus  the  probability  of  their  being  resighted 
changes.  Very  likely  this  is  a situation  where  natural  marks 
might  be  used  in  a behavioral  study  designed  to  compare  the 
response  of  animals  that  have  been  marked  with  those  that  have  not 
been  handled.  A companion  study  might  also  be  done  in  which 
telemetered  animals  are  observed  during  the  approach  of  aircraft 
at  various  distances  and  altitudes.  The  probability  of  capture 
also  depends  on  sighting,  so  that  large  bands  and  bands 
frequenting  open  areas  are  more  likely  to  be  marked  and  to  be 
resighted. 

b.  Plot  sampling.  Where  areas  are  too  large  for,  or  the 
terrain  and  cover  not  suited  to,  total  and  thorough  search  for 
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complete  counts,  populations  can  sometimes  be  estimated  from 
complete  counts  on  sample  areas,  and  the  total  number  of  animals 
extrapolated  from  the  densities  on  these  areas.  Sample  areas  can 
be  units  of  convenient  size  for  searching,  over  which  the  aircraft 
is  flown  on  some  sort  of  search  pattern,  or  they  can  be  sample 
strips  of  prescribed  width  on  each  side— or  on  one  side— of  the 
aircraft.  The  latter  are  usually  known  as  strip  transects. 

The  more  compactly  shaped  areas,  or  quadrats,  are  commonly 
searched  by  repeated  circling.  This  technique  has  the  advantage 
of  giving  the  observers  a thorough  look  at  an  area  from  several 
perspectives.  It  may  also  serve  to  startle  resting  or  concealed 
animals,  making  them  easier  to  see.  Quadrat  searches  are  thus  of 
special  value  in  rough  country,  or  in  areas  with  substantial 
vegetative  cover.  A possible  disadvantage  is  that  horses  are 
highly  mobile,  so  that  repeated  searches  of  a particular  sample 
unit  may  drive  the  animals  present  out  of  the  unit.  It  is 
necessary  to  take  this  possibility  into  account  in  designing  a 
sampling  survey.  An  alternative  is  to  use  photograpny  of  the 
quadrat,  as  has  been  done  by  Norton-Griffiths  (1973,  1974)  and 
Mathisen  and  Lopp  (1963).  Some  of  the  extensive  experience  in 
using  quadrats  is  presented  in  papers  by  Siniff  and  Skoog  (1964)  , 
Evans  and  others  (1966)  , Goddard  (1969) , and  Bergerud  and  Manuel 
(1969)  . 

The  same  major  problem  experienced  in  total  counting  arises 
in  the  use  of  sampling;  namely,  that  of  checking  the  degree  of 
coverage  attained  (i.e.,  the  fraction  of  animals  present  that  are 
actually  enumerated)  and,  if  possible,  seeking  to  "calibrate"  or 
adjust  such  counts  for  the  fraction  missed.  The  same  approaches 
discussed  above  under  "Complete  Counts"  apply  to  the  plot-sampling 
methods . 

Sampling  strips  have  the  advantage  that  they  can  be  spaced 
far  enough  apart  so  that  there  is  little  prospect  of  given  bands 
moving  from  one  strip  to  another  in  successive  passes  by  the 
aircraft.  Disadvantages  are  the  prospect  of  missing  some  animals 
on  the  strip  and  the  limited  area  coverage  sometimes  achieved, 
which  may  result  in  substantial  variability  of  the  estimates.  As 
with  the  other  methods,  it  is  necessary  to  do  field  studies  to 
determine  the  importance  of  these  potential  difficulties. 

As  previously  noted,  the  strip-census  method  has  been  widely 
applied  in  Africa,  where  a great  deal  of  practical  experience 
concerning  its  use  has  been  accumulated.  A review  and  description 
of  the  techniques  used  there  can  be  found  in  Norton-Gr if f iths 
(1975).  There  has  also  been  an  appreciable  amount  of  experience 
with  strip  transects  in  Australia  (cf.  Frith  1964,  Caughley  1974, 
and  Caughley  and  others  1976),  in  arid  and  semi-arid  areas.  This 
experience  indicates  that  only  a rather  narrow  strip  can  be 
searched  effectively,  and  that  low  altitudes  and  airspeeds  are 
required.  Even  so,  an  unknown  fraction  of  the  animals  present  is 
missed  (Caughley  and  others  1976).  Here  again,  independent  checks 
on  the  degree  of  bias  are  needed.  A particularly  impressive 
demonstration  of  the  effect  of  strip  width  has  been  presented  by 
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Caughley  (1974)  and  Caughley  and  Goddard  (1975).  These 
investigators  report  a dramatic  change  in  the  numbers  of  elephants 
counted  from  the  air  with  changes  in  strip  width  from  100  m to 
600  m. 

c.  Line  transects.  In  this  method,  estimates  of  the 
distances  from  the  observer  to  the  animals  sighted  are  used  to 
correct  for  the  fact  that  visibility  drops  off  with  distance  from 
the  transect  line.  An  important  assumption  is  that  all  of  the 
animals  immediately  on  the  transect  line  are  detected.  Some 
experience  with  other  species  (Eberhardt  and  others  1979)  suggests 
that  this  assumption  is  likely  to  be  attainable  only  with 
specially  equipped  aircraft;  namely,  those  with  a "nose  bubble" 
or  similar  arrangement.  Since  the  BLM  work  must  be  done  in  many 
locales  and  usually  with  locally  chartered  aircraft,  this 
requirement  may  present  difficulties.  On  the  other  hand,  many  of 
the  available  helicopters  do  have  good  forward  visibility.  At 
present,  it  appears  that  the  first  step  is  to. assess  present 
experience  with  aerial  census  methods  that  have  actually  been 
applied  to  wild  horses  and  burros  or  similar  species.  If  such  an 
analysis  suggests  a limitation  due  to  small  numbers  of  animals 
observed,  then  it  may  be  desirable  to  investigate  line-transect 
methodology.  A detailed  review  of  the  methods  is  availaible  in 
Eberhardt  (1978)  and  Eberhardt  and  others  (1979) . The 
line-transect  method  is  not  restricted  to  aerial  surveys,  and  much 
work  has  been  done  with  it  in  ground-based  surveys. 


Sources  and  Corrections  of  Bias  and  Variability 

1.  Group  Size.  One  source  of  bias  not  yet  investigated  in  wild 
horse  and  burro  censusing  is  the  likely  effect  of  group  size  on 
visibility.  This  problem  actually  subdivides  into  two  kinds  of  bias. 
The  first  is  simply  that  group  size  will  have  a marked  effect  on  the 
probability  that  a given  group  of  animals  will  be  seen.  One  model  for 
estimating  group  size  is  that  of  Cook  and  Martin  (1974) , while  a more 
general  approach  has  been  explored  by  Patil  and  Rao  (1978).  Jolly  and 
Watson  (1978)  have  suggested  some  quite  simple  corrections  for  missed 
groups  that  can  be  derived  from  ratio  data  collected  to  adjust  for 
members  of  groups  that  are  observed,  but  incompletely. 

It  should  also  be  noted  that  group  sizes  are  likely  to  vary 
seasonally,  a factor  that  should  be  taken  into  account  in  survey 
design.  In  general,  larger  groups  are  much  easier  to  locate  from  the 
air,  so  there  is  an  advantage  to  working  in  the  seasons  when  large 
groups  are  most  prevalent.  However,  other  factors  may  also  affect  the 
choice  of  season.  One  disadvantage  to  surveying  large  groups  is  that 
counting  may  call  for  repeated  circling  over  the  animals,  and  this  may 
cause  a large  group  to  break  up  into  its  component  bands,  thus 
changing  the  group  size  in  subsequent  surveys. 

The  second  source  of  group-size  bias  is  the  increasing  difficulty 
of  accurately  counting  the  numbers  of  animals  in  a group  as  its  size 
increases  (Sinclair  1973,  Bell  and  others  1973).  This  problem  has 
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been  studied  by  African  workers,  who  reconnnend  photographing  groups 
larger  than  10  animals,  and  checking  the  visual  count  against  the 
photographs  (procedures  are  given  by  Nor ton -Griffiths  1975). 

2.  Sampling  Methodology.  A number  of  sampling  issues  must  be 
considered  as  research  is  continued  on  censusing  horses  and  burros. 
Random  sampling  is  generally  recommended,  but  should  be  properly 
conducted;  otherwise  searching  one  sampling  area  might  affect  the 
animals  on,  or  adjacent  to,  the  next  such  unit.  This  problem  will  not 
arise  if  the  sampling  is  truly  random,  that  is,  if  the  units  are 
searched  in  the  order  in  which  they  are  drawn.  However,  such  a 
procedure  is  demanding  in  terras  of  travel  between  units,  so  many 
investigators  will  draw  the  entire  sample  and  then  traverse  the  units 
systematically  across  the  study  area.  An  alternative  is  to  use 
restricted  randomization,  i.e.,  to  place  one  sampling  unit  at  random 
in  each  of  a number  of  blocks  that  are  large  enough  to  avoid  much 
movement  of  animals  between  blocks.  The  process  can  then  be  repeated 
on  successive  days  of  searching.  Perhaps  a more  practical  scheme  is 
to  use  systematic  sampling  with  a new  random  start  on  each  day  of 
searching. 

Stratification  should  be  considered,  but  may  have  a similar 
drawback  in  that  movements  from  one  stratum  to  another  are  possible. 

An  additional  problem  with  stratification  is  that  strata  may  be  chosen 
by  cover  type,  which  will  likely  result  in  differences  in  visibility 
between  strata.  There  is  then  the  need  to  make  separate  corrections 
for  each  stratum.  Unless  the  study  units  are  very  large,  or  animal 
densities  vary  markedly,  it  may  be  best  not  to  stratify. 

If  sample  areas  other  than  strips  are  to  be  searched,  it  may  be 
most  practicable  to  use  units  of  differing  sizes.  This  approach 
brings  in  the  problem  of  combining  data  obtained  from  units  of 
disparate  size.  Jolly  (1969)  has  suggested  the  use  of  sampling  with 
probability  proportional  to  size  (PPS  sampling)  or  of  a ratio  method 
for  this  situation.  PPS  sampling  requires  that  a sampling  unit  be 
included  each  time  it  is  drawn.  Many  workers  using  this  method  do  not 
search  the  unit  each  time,  but  simply  apply  t.he  result  of  the  first 
search  to  each  subsequent  drawing  of  the  sampling  unit.  However,  this 
practice  may  not  be  suitable  for  use  with  wild  horses,  since — as 
already  noted — the  disturbance  of  an  aircraft  working  over  the  area 
will  most  likely  rearrange  the  population  repeatedly.  Hence,  in  PPS 
sampling,  the  units  should  be  searched  each  time  they  are  drawn.  In 
most  cases,  the  areas  to  be  searched  for  wild  horses  and  burros  will 
be  well  defined,  with  adequate  landmarks  for  laying  out  and  conducting 
census  flights.  If  such  is  not  the  case,  then  it  will  be  worthwhile 
considering  an  approach  that  requires  only  demarcation  of  a baseline. 
This  method  is  described  by  Bell  and  others  (1973)  and 
Norton-Griffiths  (1973)  . 

3.  Variability.  The  appraisal  of  variability  is  obviously  a 
critical  issue  in  the  overall  problem  of  censusing  wild  horses  and 
burros.  If  an  unbiased  method  turns  out  to  give  extremely  variable 
results,  then  it  may  be  preferable  to  use  a somewhat  more  biased 
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procedure.  Unfortunately,  most  decisions  about  variability  require 
actual  data  collected  under  field  conditions,  and  these  have  not  been 
available  for  wild  horses  and  burros  except  in  a fragmentary  and 
limited  way.  Hence,  the  issue  of  variability  must  be  included  as  an 
important  part  of  the  needed  field  research  program. 

4.  Double  Sampling.  One  possible  means  of  testing  the 
completeness  of  counts — either  total  counts  on  an  entire  area,  or 
counts  on  sample  plots — is  that  of  "double  sampling."  This  approach 
involves  using  an  accurate,  unbiased  method  on  a series  of  test 
areas — when  and  if  one  is  devised—in  combination  with  some  other 
admittedly  biased,  but  perhaps  less  expensive  and  more  readily 
applied,  method  (Cochran  1977)  on  the  same  area.  Ratio  or  regression 
methods  are  then  used  to  extend  the  results  from  this  "calibration 
set"  to  a larger  set  of  areas  on  which  only  the  less  expensive  method 
is  used.  The  practical  difficulty  is  that  present  recommendations 
(Cochrem  1977)  call  for  samples  of  approximately  30  pairs  for  the 
calibration.  Very  possibly  this  requirement  can  be  reduced  somewhat, 
but  we  suspect  that  the  sample  ought  to  be  at  least  20  pairs.  Such  an 
approach  does  not  seem  feasible  for  the  circumstances  discussed  here. 

A possible  exception  concerns  estimation  of  the  entire  population  of 
horses  (or  burros) , in  which  case  it  may  be  feasible  to  use  the  most 
recent  BLM  district  estimates  as  the  "auxiliary  variable"  in  double 
sampling,  and  survey  a subsample  with  the  accurate  method  to  obtain  an 
improved  estimate  of  the  total. 

The  double-sampling  approach  has  other  potential  uses.  For 
example.  Jolly  and  Watson  (1978)  advocated  that  a subsample  of  the 
groups  of  animals  sighted  in  a survey  should  be  circled  and  observed 
until  the  observer  is  satisfied  that  all  animals  in  the  group  have 
been  sighted.  These  more  accurate  estimates  are  then  used  in  a ratio 
correction  to  adjust  the  overall  group  size  observed  on  the  transect 
line  (i.e.,  observed  without  circling).  A problem  with  this  approach 
is  that  some  of  the  smaller  groups  will  not  be  seen  at  all.  Jolly  and 
Watson  suggest  an  approximate  method  for  correcting  for  this  problem, 
based  on  the  ratio  data.  Their  approach  would  probably  work  best  on 
strip  transects,  since  it  is  likely  that  nearby  groups  will  be 
disturbed  while  one  band  is  being  circled  for  accurate  counting. 


Preliminary  Analysis  of  BLM  and  USFS  Census  Data 

The  accuracy  and  precision  of  existing  horse  and  burro  census 
procedures  need  to  be  investigated  in  connection  with  the  proposed 
research  on  this  subject  (Project  17) . It  is  only  with  that  research 
that  any  firm  assessment  of  the  procedures  can  eventually  be 
obtained.  The  various  and  extensive  data  on  horse  and  burro  censuses 
in  BLM  and  USFS  files  should  be  analyzed  thoroughly  as  part  of  the 
census  research  effort. 

As  discussed  under  "Equid  Demography"  (Chapter  2)  , we  obtained 
census  data  from  the  files  of  10  BLM  districts  and  one  national  forest 
on  67  horse  herds,  3 burro  herds,  and  two  areas  that  contained  both 
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(see  Table  2.11) . The  data  were  analyzed  to  gain  some  preliminary 
estimates  of  the  accuracy  of  the  censuses,  and  to  see  what  biases  and 
variables  could  be  detected.  Upon  first  examination,  several 
characteristics  became  evident: 

1.  The  time  interval  over  which  each  herd  was  censused  varied 
between  1 and  11  years,  and  the  number  of  counts  varied  between  1 and 
18.  Most  of  the  herds  had  been  counted  over  4 to  7 years. 

2.  The  time  of  year  during  which  a herd  was  counted  often  varied 
between  years.  Thus  a herd  might  be  censused  in  March  of  one  year  and 
August  of  another.  The  numbers  in  all  seasonally  breeding  animal 
populations  vary  during  the  year,  rising  to  a maximum  at  the  end  of 
the  birth  season,  and  then  declining  until  the  next  as  a result  of 
mortality.  Since  wild  horse  foals  are  dropped  seasonally,  counts  in 
March  and  August  of  even  the  same  year  could  vary  by  15  or  20 
percent.  It  is  a basic  principle  in  censusing  animal  populations  that 
inferences  about  year-to-year  trends  and  comparisons  between  areas 
must  be  based  on  censuses  taken  at  the  same  season  each  year,  or  at 
the  same  stage  in  the  annual  life  cycle.  While  burro  populations 
produce  colts  throughout  the  year,  the  number  of  births  intensifies  in 
late  spring  and  early  summer.  Hence,  this  same  principle  should  be 
applied  to  burro  census. 

3.  While  most  of  the  counts  were  made  from  the  air,  the  mode  of 
census  varied;  sometimes  censuses  were  conducted  on  the  ground, 
sometimes  from  fixed-wing  aircraft,  and  sometimes  from  helicopters. 

In  many  cases  the  method  was  not  specified.  Casual  inspection  of  the 
data  showed  one  seemingly  obvious  difference  between  census  modes.  It 
appeared  that  in  most  cases  where  fixed-wing  aircraft  were  used  in  one 
year  and  helicopters  in  the  next,  the  censuses  increased  abruptly  in 
the  second  year.  An  effort  was  made  to  explore  this  variation 
further.  Out  of  the  72  herds,  there  were  19  horse  herds  in  which  a 
change  from  fixed-wing  to  helicopter  counts  was  made  between  years  «uid 
recorded,  and  in  which  the  census  season  was  held  reasonably 
constant.  The  unweighted  mean  difference  between  the  19  pairs  of 
counts  showed  the  helicopter  counts  to  be  88  percent  higher  than  the 
fixed-wing  counts  of  the  previous  year.  Even  after  discounting  this 
percentage  by  14  percent  for  population  increase,  the  helicopter 
counts  appear  to  be  some  three-fourths  more  efficient  in  finding 
animals  than  the  fixed-wing  counts.  Since  fixed-wing  counts  were  used 
more  commonly  in  the  earlier  years,  and  helicopters  more  generally  in 
recent  years,  it  is  quite  likely  that  earlier  counts  underestimated 
the  actual  numbers  to  a considerable  degree. 

The  helicopter  counts  also  appear  to  be  less  variable  than  the 
fixed-wing  counts.  The  coefficient  of  variation  about  the  mean  count 
for  the  fixed-wing  censuses  was  170  percent,  and  that  about  the  mean 
count  for  helicopters  was  131  percent.  Changes  in  herd  size  and 
length  of  individual  record  sets  will  of  course  influence  this 
comparison. 

As  mentioned  earlier,  it  seems  possible  that  very  nearly  all  of 
the  horses  in  open  terrain  can  be  seen  and  counted  by  a skilled 
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observer  worlting  under  favorable  weather  conditions.  If  the  censuses 
err  in  any  direction,  they  are  probably  conservative  because  some 
animals  are  missed. 

It  seems  likely  that  the  degree  of  error  is  much  lower  in  horses, 
which  are  more  likely  to  run  when  approached  by  an  aircraft,  than  in 
burros,  which  are  more  likely  to  remain  motionless.  In  addition,  the 
burros'  grey  to  brown  coloring  blends  in  with  the  desert  terrain  they 
inhabit  and  further  reduces  visibility.  One  insight  into  the 
magnitude  of  error  in  aerial  burro  census  is  provided  by  Ohmart  and 
others  (1978). 

These  authors  flew  a 15,360-ha  area  in  the  Black  Mountains,  Mohave 
County,  Arizona,  making  7 hours  of  low-level  helicopter  flights 
similar  to  those  used  for  census  counts.  They  marked  every  burro  they 
saw  with  a C02“Charged  pistol  that  expelled  oil-base  paint  pellets. 
After  5 to  9 days,  they  flew  the  area  again,  recorded  every  animal 
they  saw,  and  determined  whether  or  not  it  was  marked  with  paint. 

About  one-third  of  the  animals  they  observed  were' marked,  and  the 
inference  drawn  was  that  typical  aerial  census  operations  for  burros 
could  be  expected  to  count  only  about  one-third  of  the  animals 
present.  The  authors  also  suggested  that  a mark-resight  method  would 
be  more  appropriate  for  burro  census  than  attempts  at  total  counts. 


Review  of  Range-Survey  Methodology 

Although  the  Public  Rangelands  Improvement  Act  of  1978  authorizes 
the  Secretary  of  the  Interior  to  take  necessary  action  to  remove 
excess  animals  on  rangelands  where  several  species  utilize  the  same 
forage  resource,  the  question  of  which  herbivores  are  in  excess  is 
difficult  to  resolve.  Principal  among  the  biological  factors  to  be 
considered  in  making  such  a determination  are  forage  and  habitat 
preferences  and  specific  grazing  impacts  on  soil  and  vegetation 
resources  (see  Chapters  2 and  3).  Other  factors,  including  season  of 
use  and  characteristics  of  the  land  that  influence  distribution  and 
grazing  patterns,  must  also  be  weighed  in  range  analysis.  Much  of  3LM 
decision  making  in  these  regards  is  based  on  the  range  inventory  or 
survey . 

The  first  standardized  range-survey  method  was  developed  in  1937 
and  is  sometimes  referred  to  as  the  Ocular  Reconnaissance  Method 
(Interagency  Range  Survey  Committee  1937).  It  is  still  discussed  in 
BLM  manuals  and  is  still  being  used  by  that  agency  in  some  areas. 

Other  agencies  have  slowly  developed  other  methods  ("weight  estimate," 
range  sites  and  soil  surveys,  SCS;  Range  Environmental  Analysis, 

USFS) . Around  1978  to  1979,  BLM  began  using  the  "Soil-Vegetation 
Inventory  Method."  It  is  based  primarily  on  the  SCS  methods  (U.S. 
Dept,  of  Interior  1979) . 

Range  inventories  made  by  BLM  or  any  other  agency  are  usually  used 
for  more  than  one  purpose.  BLM  is  probably  the  only  agency  in  the 
United  States  that  is  still  very  concerned  about  establishing  an 
initial  grazing  capacity.  Other  purposes  of  inventory  are  (a)  to 
establish  a baseline  for  monitoring  range  "trend"  and  (b)  to  provide 
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basic  information  about  resources  and  conditions  to  be  used  for 
planning  and  management.  Hence,  in  talking  about  "inventory"  there  is 
more  at  issue  than  just  the  establishment  of  stocking  rates.  However, 
those  inventory  factors  and  processes  that  are  most  controversial  are 
the  ones  applied  primarily  to  obtaining  stocking  rates. 

Historically,  initial  determinations  of  grazing  capacity  on  public 
lands  were  based  on  range  inventories  or  surveys  that  attempted  to 
estimate  average,  usable  forage  production.  The  available  forage  was 
then  allocated  to  domestic  livestock  producers  through  an  adjudication 
process  that  considered  their  relative  privileges  under  existing  laws 
and  regulations.  A percentage  of  the  available  forage  was  usually  set 
aside  for  wildlife,  or  the  survey  methodology  was  presumed  to  reserve 
wildlife  forage  before  grazing  capacities  for  livestock  were 
established.  However,  few— if  any — forage  reservations  were  ever  made 
for  wild  horses  and  burros.  These  processes  were  completed  on  most 
public  lands  many  years  before  wild  horses  and  burros  became  by  law 
the  responsibility  of  the  federal  government. 

Recently,  the  BLM  has  begun  to  make  determinations  of  grazing 
capacity  (initial  stocking  rates)  as  part  of  its  land-use  planning 
procedures  and  environmental  impact  studies  of  livestock  grazing 
problems.  These  are  being  made  primarily  because  many  people  believe 
that  earlier  studies  did  not  adequately  consider  the  suitability  of 
the  land  for  livestock  grazing,  nor  did  they  properly  allocate  range 
resources  among  all  uses  and  users;  e.g.,  wild  horses  and  burros, 
habitat  as  well  as  forage  for  wildlife,  protection  of  threatened  and 
endangered  species,  cover  for  watershed  protection,  enhancement  of 
recreational  experiences,  and  others,  as  required  by  recent 
legislation. 

Initial  grazing  capacities  (or  "stocking  rates") , whether 
determined  through  the  historical  survey  and  adjudication  procedures, 
or  the  newer  land-use  planning  processes,  were  made  to  be  adjusted 
periodically  on  the  basis  of  continued  monitoring  studies  in  the 
grazing  units.  At  the  least,  monitoring  studies  should  employ  actual 
use  records,  permanent  ramge-condition  and  trend-monitoring  sites,  and 
utilization  measurements.  They  may  also  include  such  studies  as 
water-quality  monitoring,  surveys  of  nongame  species,  analyses  of 
grazing  impact  on  cultural  resources,  and  soil-loss  evaluations. 

Forage  for  wild  horses  and  burros  was  not  generally  provided  for 
in  either  public  land  adjudications  or  land-use  plains  prior  to  passage 
of  the  Wild  and  Free-Roaming  Horse  and  Burro  Act  in  1971.  However, 
many  domestic  horses  were  legally  licensed  to  use  public  lands.  Since 
1971,  BLM  and  USFS  range  managers  have  had  a legal  mandate  to  manage 
wild  horses  and  burros  to  achieve  and  maintain  "a  thriving  natural 
ecological  balance  on  the  public  lands"  (U.S.  Congress  1978) . 

An  attempt  has  been  made  by  this  Committee  to  review  some  recent 
BLM  and  CSFS  documents  that  consider  wild  horse  numbers  in  terms  of 
current  land-use  planning  and  management.  The  purpose  was  to  evaluate 
how  adequate  range-survey  mechodology  has  been  in  addressing  questions 
of  proper  equid  numbers  based  on  range  biological  factors.  No 
detailed  review  of  the  literature  on  range-survey  methodology  has  been 
published,  although  that  literature  is  extensive.  Vallentine  (1978) 
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lists  138  references  to  herbage-removal  studies  alone.  We  obtained 
and  examined  10  wild  horse  capture  plans  with  accompanying 
environmental  analysis  reports  (EARs)  (see  literature  cited  under  3LM 
for  titles).  Of  these,  3 were  BLM  plans  and  2 were  joint  BLM/USFS 
plans;  9 were  from  Nevada,  and  1 from  Oregon.  Two  capture  plans  (East 
Remge  and  Paradise/Denio)  were  proposed  primarily  because  of  the  high 
proportion  of  nonfederal  land  within  the  horse-use  area.  Thus  range 
condition  and  forage  competition  with  other  herbivores  were  not  direct 
considerations.  The  remaining  eight  wild  horse  reductions  were 
proposed  primarily  for  the  purpose  of  either  correcting  depleted  or 
unsatisfactory  range  condition  and  overutilization  of  forage,  or 
adjusting  existing  horse  populations  "to  numbers  established  in  the 
land-use  plan." 

Few  of  the  plans  and  EARS  provided  much  information  to  support  the 
contention  that  range  conditions  were  unsatisfactory  or  explained  how 
those  conditions  were  determined.  Rarely  was  any  attempt  made  to  show 
which  herbivores  (horses,  cattle,  or  wildlife)  were  responsible  for 
the  range  condition  presented  in  the  report.  In  one  case  (Lucky  C) , 
there  was  obvious  disagreement  between  state  and  district  office 
personnel  as  to  actual  conditions.  The  BLM  district  claimed  there  had 
been  no  livestock  grazing  the  range  in  question  for  at  least  2 years, 
and  yet  the  BLM  state  specialist  concluded  that  wild  horses  were  only 
a minor  contributor  to  admittedly  deteriorating  range  conditions.  The 
most  recent  EAR  (Pine  Nut  Mountains),  however,  had  detailed  supporting 
material  to  document  the  impact  of  horse  populations.  This 
information  included  actual  use  records  by  allotments,  as  well  as  data 
from  38  vegetative  trend  plots  and  4 years  of  range  utilization 
studies. 

We  conclude  that  although  adequate  range  studies  may  not  always 
have  been  used  to  evaluate  and  support  proposed  numerical  adjustments 
of  wild  equids,  the  technology  to  do  so  exists  and  appears  to  be 
adequate.  Therefore,  we  believe  that  additional  research  on 
range-survey  methodology  is  not  justified  at  this  time  in  the  present 
context,  except  where  it  can  or  must  be  included  as  a part  of  other 
studies. 


Limitations  of  Techniques  for  Diet  Analysis 

Most  studies  assessing  dietary  composition  for  both  horses  and 
burros  have  relied  on  fecal  analysis  for  determination  of  the  relative 
contribution  of  each  forage  species  to  the  diet  (e.g.,  Hansen  and 
Martin  1973,  Hubbard  and  Hansen  1976,  Hansen  and  others  1977,  Salter 
1978,  Vavra  and  Sneva  1978,  Salter  and  Hudson  1979).  Other  techniques 
can  be  used  for  quantifying  diet  composition.  Moehlman  (1974) 
observed  actively  foraging  animals  daily  in  her  study  of  Death  Valley 
burros.  Browning  (1960)  analyzed  stomach  contents.  However,  such 
approaches  are  often  expensive,  time  consuming,  or  impractical  for  use 
on  free-ranging  animals.  Consequently,  fecal  analysis  has  been  widely 
used.  The  BLM  currently  prescribes  the  use  of  this  procedure  in 
contract  studies  that  are  conducted  to  provide  a basis  for  forage 
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allocation.  However,  the  accuracy  and  precision  of  the  technique,  at 
least  for  research  purposes,  is  presently  subject  to  question. 

Smith  and  Shandruck  (1979)  found  that  fewer  plant  species  could  be 
identified  in  the  feces  of  antelope  than  in  their  rumen  contents.  In 
addition,  the  amount  of  browse  and  forbs  found  in  the  feces  of  mule 
deer  correlated  poorly  with  the  known  composition  of  their  diets. 
Extreme  disparities  can  occur  between  known  diet  composition  and  that 
indicated  by  fecal  analysis:  Slater  and  Jones  (1971)  found  the 

epidermal  tissues  of  white  clover  to  be  completely  absent  from  the 
feces  of  sheep,  even  when  the  animals  were  fed  diets  containing  37 
percent  clover . 

These  studies  were  conducted  with  ruminants,  and  the  digestive 
system  of  equids  could  conceivably  minimize  these  problems.  Casebeer 
and  Koss  (1970)  determined  that  fecal  and  stomach-content  analyses  of 
zebra  diets  agreed  best  when  the  diet  was  composed  mostly  of  grasses. 
However,  grasses  in  the  early  stages  of  growth  and  forbs  were  poorly 
represented  or  absent  in  fecal  samples.  Owaga  (1977)  also  compared 
stomach  and  fecal  contents  of  zebra,  although  her  methodology  differed 
somewhat  from  that  of  the  other  studies  cited  in  that  she  identified 
intact  plant  parts  in  samples  rather  than  cuticular  or  epidermal 
fragments.  She  determined  that  of  some  60  grass  and  sedge  species 
that  constituted  the  diets  of  her  zebra,  the  10  most  important  ones  in 
stomach  samples  were  also  the  most  important  species  in  fecal  samples, 
although  the  order  of  importance  sometimes  varied.  Thus  fecal 
analysis  apparently  sacrifices  some  degree  of  accuracy  even  when 
applied  to  equid  species  under  the  relatively  unrigorous  conditions  of 
a grass-dominated  diet. 

The  nKsre  general  weakness  of  any  technique  relying  on  microscopic 
identification  of  cuticular  or  epidermal  fragments  was  highlighted  by 
Owen  (1975) . Plant  species  are  highly  variable  with  regard  to  the 
proportion  of  epidermal  fragments  having  one  or  both  identifiable 
surfaces.  Large  errors  in  diet  quantification  occurred  in  his  study 
unless  correction  factors  were  established  for  each  species. 

However,  Sparks  and  Malechek  (1968)  found  that  the  dry  weights  of 
four  grass  and  four  forb  species  in  known  mixtures  were  directly 
proportional  to  the  number  of  epidermal  fragments  identified  and 
counted  in  subsamples  of  the  mixtures.  The  analytic  technique 
outlined  by  Sparks  and  Malecheck  (1968)  has  been  the  basis  for  most  of 
the  laboratory  analysis  of  horse  feces  carried  out  in  the  western 
United  States  since  their  paper  appeared. 

Inferences  about  dietary  composition  based  on  fecal  analysis 
should  be  drawn  cautiously  until  the  technique  is  further  validated 
with  a proven  procedure  such  as  microscopic  analysis  of  fistula 
extrusa  (Theurer  and  others  1976).  Data  from  fecal  analysis  will 
apparently  suffice  for  such  purposes  as  ranking  the  dietary  importance 
of  various  plant  species  (Vavra  and  others  1978) . For  situations 
where  a high  degree  of  accuracy  is  not  necessary,  such  as  in  certain 
management  applications,  fecal-analytic  data  are  apparently  useful. 
However,  the  user  should  recognize  the  limitations  of  such  data  and 
should  not  make  inferences  implying  high  accuracy. 


205 


A potentially  serious  limitation  to  fecal  analysis  that  has  not 
been  evaluated  is  the  lack  of  assurance  that  fecal  samples  represent 
forage  consumed  in  the  vicinity  where  the  samples  were  collected.  The 
transit  time  of  food  through  the  gastrointestinal  tract  of  horses  has 
been  estimated  at  37  hours  for  long  hay  (Wolter  and  others  1974). 

Thus,  in  situations  where  animals  range' over  a variety  of  sites  or 
vegetation  types  in  their  daily  feeding  circuit,  it  is  improbable  that 
the  botanical  composition  of  the  diet  can  be  related  to  the  kinds  and 
amounts  of  forage  available  in  the  vicinity  where  feces  are  collected 
except  in  a very  general  sense.  In  the  cases  of  deer  and  elk,  Collins 
(1979)  found  that  roughly  half  of  all  defecations  occurred  during  3 to 
6 percent  of  the  day,  when  the  animals  were  traveling  between 
preferred  feeding  sites.  More  often  than  not,  the  vegetational 
subunits  separating  the  preferred  feeding  sites  were  of  marginal  or  no 
value  to  the  deer  or  elk  as  food  resources.  Similar  criticisms  can  be 
leveled  against  diet  studies  based  on  rumen  content  analysis,  and 
particularly  against  fecal-analytic  studies  of  ruminants,  whose  food 
transit  time  is  considerably  longer  than  that  of  equines. 

Another  important  consideration  regarding  any  technique  based  on 
microhistological  analysis  of  dietary  materials  or  residues  is  the 
adequacy  of  reference  materials.  Typically,  this  aspect  of  the 
technique  involves  collecting  all  forage  species  in  the  areas  where 
fecal  material  or  diets  are  sampled.  Most  researchers  who  have  dealt 
with  diet  analysis,  by  one  technique  or  another,  will  readily  admit 
that  selectively  feeding  herbivores  often  ingest  considerable 
quantities  of  plant  species  that  the  researcher  finds  difficult  or 
nearly  impossible  to  locate,  even  by  intensive  systematic  Scunpling  of 
the  plant  community.  Consequently,  reference  collections  often  lack 
representation  of  a few  plant  species  that  may,  on  occasion, 
contribute  significantly  to  diets.  This  is  especially  true  when  the 
reference  species  are  collected  by  someone  other  than  the  person  doing 
the  dietary  or  fecal  analysis.  Extreme  caution  should  be  exercised  in 
interpreting  studies  that  do  not  report  at  least  some  small  (say, 

<10  percent)  proportion  of  a diet  as  unidentifiable  material. 

Sample  size  and  frequency  of  sampling  are  also  matters  of  great 
concern  to  those  who  wish  to  make  strong  inferences  from  dietary 
data.  Van  Dyne  and  Heady  (1965)  , working  with  sheep  and  cattle  that 
had  esophageal  fistulae,  calculated  that  1 to  298  samples  were 
required  from  a single  population  of  animals  in  order  to  estimate 
dietary  composition  within  10  percent  of  the  mean  with  90  percent 
confidence.  The  greatest  variability  in  diets  occurred  in  early 
summer , when  an  abundance  of  different  forage  species  was  available , 
but  it  still  remained  high  in  late  summer.  Similarly,  Harniss  and 
others  (1965)  showed  that  large  numbers  of  samples  of  fistula  extrusa 
were  required  to  determine  accurately  the  diets  of  sheep  grazing  a 
sagebrush-grass  range  in  spring.  They  found  that  for  species 
contributing  40  percent  or  more  to  the  composition  of  diets,  the 
coefficient  of  variation  (s/x  X 100)  was  around  30  percent.  For  such 
species,  26  samples  would  provide  estimates  within  ±10  percent  of 
the  population  mean  90  percent  of  the  time.  If  accuracy  of  only  ±20 
percent  of  the  population  mean  was  required,  then  the  number  of 
samples  necessary  dropped  to  eight. 
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Unfortunately,  most  studies  on  horse  and  burro  diets  have  not 
presented  variance  statistics  for  dietary  composition.  Thus  a 
comprehensive  survey  of  sampling  variability  is  not  possible. 

However,  Hubbard  and  Hansen  (1976)  did  present  standard  deviations  for 
their  mean  dietary  composition  data.  From  their  published  figures, 
approximate  sample  sizes  were  calculated  according  to  Snedecor  and 
Cochran  (1967)  that  would  estimate  within  ±20  percent  of  the 
population  mean  of  a species  90  percent  of  the  time.  The  required 
number  of  samples  for  the  three  most  abundant  grasses  in  their  horses  ' 
diets  were  17  for  Stipa  comata,  33  for  Agropyron  spp.,  and  48  for 
Bromus  spp.  If  less  common  species  were  to  be  estimated  accurately, 
more  samples  would  be  required.  Aggregate  categories  such  as 
"grasses"  could  be  estimated  with  far  fewer  saunples,  particularly  in 
view  of  the  apparently  small  variation  in  grass  composition  of  horse 
diets  suggested  by  Table  2.22. 

Not  only  is  variability  high  from  animal  to  animal  in  diet 
studies,  but  there  is  often  extreme  short-term  variation  within  a 
season  as  well  (Van  Dyne  and  Heady  1965;  Collins  1977,  1979).  Thus 
frequent  sampling  is  necessary — often  every  2 weeks~if  one  is  to  have 
a true  picture  of  seasonal  preferences.  Vavra  and  others  (1978)  even 
suggest  that  important  daily  variations  in  diet  occur. 

Even  if  adequate  data  have  been  obtained,  questions  remain 
concerning  their  interpretation  and  inferential  value.  In  this  regard 
several  problems  arise.  The  most  common  approach  for  relating 
dietary-composition  data  to  plant-community  composition  has  been  to 
calculate  preference  quotients.  These  quotients  are  produced  by 
dividing  the  quantity  of  a forage  in  a diet  by  the  quantity  of  that 
forage  available  to  the  animal  (see  Krueger  1972  and  petrides  1975  for 
detailed  discussions  of  this  concept) . Forages  that  are  relatively 
more  abundant  in  the  diet  than  in  the  plant  community  are  assumed  to 
be  "preferred."  However,  failure  of  an  animal  to  exhibit  a 
"preference"  for  any  environmental  factor,  whether  it  be  food  or 
something  else,  does  not  necessarily  indicate  that  the  factor  is 
unimportant.  Rather,  there  may  simply  be  more  of  it  in  the 
surroundings  than  the  animal  needs.  Smith  (1954)  suggested  that  the 
simple  percentage  occurrence  of  a species  in  the  diet  may  accurately 
represent  preferences  for  plants  where  availability  does  not  limit 
consumption . 


Determining  Range-Forage  Digestibility  in  Equids 

In  studies  of  ruminant  nutrition,  in-vitro  techniques  have  proven 
valuable  in  evaluating  forage  digestibility.  In-vitro  approaches, 
while  possibly  less  accurate  than  in-vivo  techniques,  are  often  the 
most  practical  in  situations  where  the  forages  are  difficult  to 
collect  in  sufficient  quantities  for  feeding  trials.  However,  we  know 
of  no  in-vitro  procedures  that  have  been  specifically  modeled  after 
equid  digestive  physiology. 

L.  M.  Slade  (Department  of  Animal,  Dairy  and  Veterinary  Science, 
Utah  State  University,  personal  communication,  1979)  stated  that 
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in-vitro  methods  coimnonly  used  for  studying  ruminant  diets  were  likely 
to  be  applicable  to  equidSr  providing  the  inoculum  is  buffered  at  a pH 
of  7.0  to  7.2  during  the  fermentation  stage.  Roller  and  others  (1973) 
used  a modification  (Goering  and  Van  Soest  1970)  of  the  Tilley  and 
Terry  (1963)  technique  to  investigate  cell-wall  and  dry-matter 
digestion  in  ponies.  The  in-vitro  technique  was  not  as  responsive  to 
chamge  in  the  ponies'  nutritional  status  as  was  an  in-vivo  (nylon  bag) 
method.  The  authors  acknowledged  that  the  effect  of  the  predigestion 
by  gastric  secretions  of  the  foregut  and  small  intestine  on  fiber 
entering  the  cecal  and  colonic  environments  is  not  known. 

Hemicellulose  digestion  may  be  enhanced  by  exposure  to  the  intestinal 
environment  prior  to  cecal  fermentation  (Keys  and  others  1969,  1970). 

It  would  be  worthwhile  to  investigate  how  in-vitro  techniques 
suitable  for  ruminant  nutritional  research  could  be  adapted  to  studies 
of  range  equids.  How  well  and  how  accurately  these  procedures  can  be 
transferred  is  uncertain.  Further  study  comparing  the  results  of 
appropriate  in-vitro  procedures  with  in-vivo  digestion  is  needed. 
Possibly  a procedure  that  more  closely  duplicates  the  sequence  of 
equid  digestion  should  be  developed  (i.e.,  acid-pepsin  digestion 
should  precede  anaerobic  fermentation) . 

As  an  alternative  to  in-vivo  digestion  trials  where  fecal  output 
is  collected  and  measured,  indicator  methods  (Kotb  and  Luckey  1972) 
might  prove  suitable.  Pulse  and  others  (1973)  demonstrated  no 
significant  differences  among  estimates  of  fecal  output  determined  by 
three  techniques:  total  collection,  Cr203  indicator,  and  a 

polyethylene  powder  marker.  Similarly,  Knapka  and  others  (1967) 
reported  that  polyethylene  and  Cr203  methods  are  reliable 
indicators  of  fecal  output  to  be  used  in  determining  digestibility  in 
burros . 

The  possibility  should  also  be  investigated  that  the  free-ranging 
horse's  ability  to  digest  forage  can  be  adequately  estimated  from 
chemical  data  by  a regression  procedure  or  summation  equation  such  as 
that  proposed  by  Van  Soest  (1967)  for  ruminants.  Given  the  horse's 
apparent  propensity  to  eat  grass  almost  exclusively,  this  approach 
could  prove  highly  successful.  Problems  might  be  anticipated  where 
shrubs  and  other  unconventional  forage  items  form  a large  proportion 
of  the  diet.  Certain  published  data  (e.g.,  Fonnesbeck  1968,  1969; 
Vander  Noot  and  Trout  1971)  would  provide  a valuable  departure  point 
for  research  on  such  an  approach. 


Blood  Assays  as  Possible  Indices 
of  Nutritional  State  in  Horses  and  Burros 

Assays  of  easily  taken  blood  samples  may  have  potential  both  for 
evaluating  the  nutritional  condition  of  individual  animals  and  for 
using  an  animal's  condition  to  indicate  nutritional  adequacy  of  the 
range  (Seal  1977)  . The  evaluation  of  individual  animals  may  include 
nutritional  condition  in  terms  of  very  recent  food  intake  (protein  and 
energy) , and  of  the  quality  of  that  intake  during  recent  months.  One 
may  also  evaluate  specific  nutritional  deficiencies,  as  well  as  the 
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physiological  effects  of  various  capture  and  handling  techniques  for 
horses . 

The  literature  relating  nutritional  status  to  breeding  capability 
of  mares  is  extraordinarily  sparse  (Sutton  and  others  1977,  Ellis  and 
Lawrence  1978).  A study  in  South  Africa  (van  NiekerK  and  van  Heerden 
1972)  compared  two  groups  of  mares  (one  kept  on  pasture  and  the  other 
kept  on  pasture  with  supplemental  grain)  in  terms  of  the  occurrence  of 
estrus,  ovulation,  and  successful  conception.  The  pasture  grass 
contained  approximately  3.2  percent  protein  and  the  supplements 
contained  12  to  IS  percent  protein.  Six  of  eight  animals  maintained 
on  grass  alone  exhibited  estrus,  but  only  two  of  these  ovulated  and 
both  conceived.  In  contrast,  the  seven  mares  maintained  on  grass  plus 
supplement  exhibited  estrus  and  ovulation,  and  the  six  served 
conceived.  The  supplemented  animals  gained  a total  of  53  kg  over  the 
53  days  of  the  study,  whereas  the  unsuppleraented  animals  did  not  gain 
weight.  The  starting  weight  averaged  370  kg.  These  data,  like  those 
for  other  species,  suggest  that  variations  in  nutritional  intake  can 
affect  ovulation.  Horses  are  also  vulnerable  to  abortion  and 
stillbirth,  to  lactational  failure,  and  to  loss  of  foals  too  weak  to 
nurse  properly;  however,  quantitative  studies  addressing  these  points 
and  their  relation  to  nutrition  do  not  appear  to  be  available  (Ginther 
1979). 

Nitrogen  intake  and  absorption  in  horses  cam  be  assessed  by 
measuring  plasma  urea  nitrogen  concentration  (Fonnesbeck  and  Symons 
1969,  Reitneur  and  Treece  1976,  Owen  and  others  1978).  Fonnesbeck  and 
Symons  studied  diets  ranging  in  protein  content  from  8.3  to  16 
percent.  This  span  neglects  the  very  low  protein  content  of  range 
forage  that  may  be  encountered  during  some  seasons  of  the  year.  The 
correlation  of  plasma  urea  nitrogen  with  apparent  nitrogen  absorbed 
was  r » 0.78.  There  were  indications  of  variations  in  plasma  protein, 
sugar,  and  cholesterol  concentrations  with  the  several  diets. 

However,  there  was  no  direct  correlation,  except  that  those  diets  with 
the  highest  soluble  carbohydrate  content  resulted  in  the  lowest  serum 
cholesterol  concentrations.  To  encompass  the  range  of  conditions 
likely  to  be  encountered  in  natural  habitats,  a study  including  diets 
of  3 to  4 percent  protein  and  6 percent  protein  would  be  required. 
Serum  protein  and  hemoglobin  levels  will  decrease  at  a lower  protein 
and  energy  intake,  as  was  found  with  animals  maintained  on  pastures 
without  supplementation  (Owen  and  others  1978).  However,  there  are  no 
controlled  experiments  available  concerning  these  possibilities  in 
horses. 

The  effects  of  fasting  for  periods  up  to  9 days  have  been 
described  in  ponies  (Baetz  and  Pearson  1972,  Wensing  and  others  1975, 
Gronwall  1975,  Baetz  1976).  These  authors  described  increases  in 
bilirubin,  cholesterol,  phospholipid,  free  fatty  acids,  triglycerides, 
other  serum  lipids,  pyruvate,  lactate,  and  alpha-one-globulins.  Serum 
urea,  phosphorus,  and  magnesium  decreased.  It  appears  generally 
possible  to  use  several  of  these  assays  to  distinguish  fasting  or 
total  food  withdrawal  from  reduced  food  intake,  and  thus  it  is  not 
necessary  to  confuse  these  conditions.  There  are  differences, 
however,  between  ponies  and  larger  breeds  of  horses,  including  Morgans 
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and  thoroughbreds  (Robie  and  others  1975)  . Apparently  ponies  maintain 
higher  triglyceride  levels  in  cold  weather  and  are  also  more 
vulnerable  to  fasting  hyperlipemia  than  the  large  animals.  These 
results  imply  the  desirability  of  analyzing  data  from  captured  wild 
animals  in  terms  of  season  and  lipid  metabolism.  There  is  no  evidence 
that  season  affects  serum  urea  nitrogen  unless  the  animals  are  on 
pasture  without  supplementation  (Owen  and  others  1978)  . 

Literature  on  hematology  and  blood  chemistry  of  burros  (Brown  and 
Cross  1969,  Yousef  and  others  1971)  and  domestic  horses  is  available. 
In  addition,  there  have  been  several  careful  studies  of  water 
metabolism  in  the  burro  under  desert  heat  conditions  (Yousef  and 
others  1970,  1971).  Data  for  newborn  and  young  foals  are  available  as 
well  (Kitchen  and  Rossdale  1975,  Medeiros  and  others  1971). 

Studies  on  zebras  (Seal  and  others  1977)  provide  evidence  that 
equids  are  similar  to  other  mammals  in  their  blood  responses  to  trauma 
and  disease.  Blood  proteins  that  increase  during  any  disease  process 
or  tissue  injury  are  called  acute-phase  reactants.  The  response 
pattern  of  each  protein  is  characteristic,  and  careful  studies  in 
humans  have  demonstrated  a semiquantitative  relationship  to  such 
traumas  as  myocardial  infarction,  surgery,  and  various  infectious 
diseases.  Measurement  of  such  proteins  as  fibrinogen,  haptoglobin 
(Allen  and  Archer  1971,  Spooner  and  Miller  1971)  and  perhaps 
C-reactive  protein  provide  simple  yet  powerful  tools  for  assessing  the 
general  clinicatl  condition  of  an  animal  without  undertaking  a full 
spectrum  of  clinical  diagnostic  procedures.  Prior  exposure  to  various 
infectious  diseases  in  currently  well  animals  can  be  detected  by 
seriological  assays,  which  are  readily  available  for  certain 
widespread  agents  of  major  domestic  importance. 

Detection  of  the  effects  of  handling,  exercise  (Hensley  1978; 
Keenan  1979;  Lucke  amd  Hall  1978;  Krzywanek  and  others  1976;  Rose  and 
others  1979;  Snow  and  MacKenzie  1977a,  b) , and  sustained  chasing  and 
capture  is  a matter  of  continuing  concern  and  interest  for  those 
involved  in  the  capture  and  transport  of  both  wild  and  domestic 
animals  (Harthoorn  1976).  Increased  hormone  secretion  by  the  adrenal 
cortex  and  medulla  (Anderson  and  Aitken  1977)  is  considered  to  be  a 
physiological  response  to  such  disturbances.  A study  of  horses 
(Kirkpatrick  and  others  1979a)  comparing  different  techniques  for 
handling  found  no  differences  in  serum  cortisol  concentrations  and 
concluded  that  the  several  techniques  were  minimally  stressful  in 
terms  of  their  impact  on  serum  corticoid  levels.  Additional  sensitive 
techniques  for  detecting  the  effects  of  different  levels  of  exercise 
and  muscular  exertion  in  horses  appear  to  be  measurement  of  creatine 
phosphokinase  (CPK)  activity  (Anderson  1976) , uric  acid  (Keenan  1979) , 
and  bilirubin  (Hensley  1978).  The  enzyme  CPK  is  a sensitive  indicator 
of  exercise  and  significant  muscle  trauma.  Animals  in  initially  poor 
condition  tend  to  respond  with  much  greater  increases  in  serum  CPK 
after  graded  levels  of  exercise. 

If  captured  animals  die — particularly  after  chases  and  during 
their  first  5 days  in  captivity — then  the  possibility  of  metabolic 
acidosis  and  myopathy  resulting  from  the  exertion  need  to  be 
considered.  This  condition  has  been  well  documented  in  zebra  by 
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Harthoorn  in  a long  series  of  studies  in  Africa.  He  described  an 
effective  treatment  that  consists  of  giving  a liter  of  electrolyte 
solution  with  1,000  mEq  sodium  bicarbonate  added,  which  counteracted 
the  decreased  blood  pH  and  resulted  in  survival.  There  are  available 
pH  meters  suitable  for  field  use  that  would  allow  diagnosis  of  the 
problem. 

Other  techniques  for  evaluating  animal  condition  include  hair  bulb 
diameters,  autopsy,  direct  measurement  of  rump  fat  thickness;  gross 
and  microscopic  evaluation  of  tissues;  estimation  of  fat  thickness  by 
ultrasonic  measurement  (Westervelt  and  others  1976);  and  measurement 
of  body  weight  in  relation  to  age  and  bone  growth.  Extensive  growth 
data  on  domestic  horses  exists  from  about  140  days  of  gestation  up  to 
maturity  at  24  to  36  months.  Most  domestic  horse  strains  appear  to 
attain  about  45  percent  of  their  mature  weight  at  6 months,  65  percent 
at  12  months,  and  about  80  percent  at  13  months.  At  the  same  time 
intervals,  thoroughbreds  achieve  33,  90,  and  95  percent,  respectively, 
of  their  mature  height  at  withers;  apparently  quarterhorses  and 
Arabians  do  also  (Hintx  and  others  1979,  Platt  1978). 


Behavioral  Sampling;  Methods  for  Comparison 
Between  Treatments  and  Experiments 


Since  different  experiments  within  the  research  projects  have  been 
organized  to  analyze  particular  aspects  of  equid  biology,  but  at  the 
same  time  to  allow  comparability  across  experiments,  it  is  necessary 
to  measure  behavioral  responses  within  experiments  and  relate  these 
responses  to  other  treatments  within  and  between  experiments.  For 
example,  the  data  in  feeding  trials  will  relate  nutritional  plane  to 
reproductive  success.  In  order  to  relate  the  findings  on  nutritional 
condition  in  trial  animals  to  animals  in  enclosures  or  on  the  open 
range,  it  will  be  essential  to  be  able  to  compare  the  level  of 
activity  between  groups.  Since  activity  determines  part  of  the 
nutritional  requirement,  the  ability  to  measure  and  compare  activity 
is  critical  to  the  ability  to  generalize  the  results  of  the 
f eeding/nutr ition  experiment.  Likewise,  an  understanding  of  the 
social  effect  of  contraception  on  the  horse  will  require  good 
experimental  measures  that  are  comparable  with  measures  used  on  the 
behavior  of  wild  populations.  An  overall  lack  of  comparability 
severely  limits  the  ability  of  researchers  to  generalize  their 
experimental  findings  to  wild  populations. 

A primary  goal  of  the  behavioral  sampling  scheme  is  to  establish  a 
set  of  data  that  are  comparable  across  experiments.  However,  each 
experiment  has  unique  questions  that  require  information  unnecessary 
for  other  experiments.  Therefore,  the  discussion  on  behavioral 
sampling  is  presented  in  two  separate  sections.  The  present  one  deals 
with  data  to  be  collected  that  will  be  used  for  comparisons  across 
experiments.  The  next  section  will  concern  data  used  within  a single 
experiment  or  a subset  of  experiments. 
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Comparative  Methods  in  Behavioral  Sampling 

Two  initial  decisions  are  required  for  a behavioral  sampling 
scheme.  First,  it  must  be  decided  how  animals  from  a population  are 
to  be  chosen  for  sampling.  Second,  it  must  be  determined  how  the 
behavior  of  the  chosen  animals  is  to  be  recorded. 

There  are  two  widely  used  techniques  for  choosing  the 
individual (s)  for  sampling.  The  scan  sample  is  a method  in  which  all 
animals  in  a group  or  some  subset  of  the  group  are  sampled 
simultaneously.  The  method  provides  a good  sample  of  a population's 
response.  Furthermore,  since  the  sample  is  created  instantaneously, 
this  method  removes  temporal  and  spatial  variability  to  a greater 
extent  than  methods  where  behaviors  of  individuals  of  a population  are 
lumped  but  recorded  on  different  days  and  locations  (e.g., 
focal-animal  sampling,  discussed  below).  However,  since  several 
individuals  are  monitored  at  once,  data  are  usually  recorded  in  a way 
that  makes  it  impossible  to  reconstruct  which  individual  performed 
which  behavior--as  a raw  percentage  score.  Thus,  individual  profiles 
of  animals  cannot  be  constructed.  This  weakness  not  only  eliminates 
the  capability  of  considering  individual  performances  and 
requirements,  but  also  makes  it  impossible  to  compare  variability 
between  individuals,  between  treatments,  and  between  experiments. 

The  second  method  for  choosing  subjects  is  the  focal-animal 
Seunple,  in  which  the  researcher  focuses  attention  solely  on  one  animal 
for  the  sampling  period.  The  advantages  of  this  technique  are  that  a 
great  deal  of  detailed  data  can  be  recorded.  From  these  data 
individual  profiles  and  variability  can  be  determined,  a capability 
that  allows  more  extensive  statistical  testing.  One  disadvantage  of 
the  technique  is  that  a generalization  to  population  response  is  more 
difficult,  since  data  are  recorded  on  only  one  individual  at  a time, 
■population  responses"  inferred  with  this  technique  are  really 
collections  of  individual  records  taken  on  different  days,  and  so 
variability  is  increased  because  of  changes  in  time,  season,  and 
location  between  samples.  Another  disadvantage  is  that  a great  number 
of  individual  records  must  be  amassed  to  provide  a sample  size  as 
large  as  that  possible  with  scan  samples.  Furthermore,  the  work  time 
necessary  to  characterize  population  responses  by  means  of 
focal-animal  sampling  is  great. 

The  series  of  experiments  in  the  recommended  research  projects 
will  require  both  the  ability  to  characterize  behavioral  differences 
across  treatments  (i.e.,  mean  treatment  responses)  and  the  ability  to 
measure  intra-treatment  variability  (i.e.,  differences  in  responses  to 
a treatment) . Because  of  the  size  and  observability  of  equid  groups 
and  the  ability  to  distinguish  individuals  within  groups,  a 
subject-sampling  method  is  proposed  that  combines  the  focal-  and 
scan-sampling  techniques.  If  data  are  taken  by  scanning  the  group 
being  watched  and  attributing  behavioral  scores  to  the  individual  who 
performed  the  behavior,  then  the  strengths  of  both  sampling  techniques 
will  be  combined.  This  method  will  allow  data  on  a number  of  animals 
to  be  gathered  simultaneously,  thereby  increasing  sample  size  and 
reducing  temporal  and  spatial  variability.  At  the  same  time. 
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individual  variability  and  profiles  can  be  calculated.  Because  of  the 
rate  at  which  equids  perform  behaviors,  and  their  size,  it  is  possible 
to  combine  these  two  techniques. 

The  second  decision  in  behavioral  sampling  is  that  of  how  to 
record  the  behavior.  Again,  two  techniques  are  commonly  used.  The 
instantaneous  or  point  sample  records  the  behavior  of  an  individual  at 
a given  point  in  time.  Usually  this  sample  is  taken  at  regular 
intervals  throughout  the  sample  period.  Point  samples  are  often 
combined  with  scan  samples  and  the  behavior  of  several  or  all  animals 
in  a group  is  recorded  at  an  instant  in  time.  Point  samples  allow  the 
amount  of  time  spent  in  activities  to  be  estimated.  However,  they 
underestimate  the  duration  of  rare  events  and  behaviors  that  are 
instanteous  or  short  lived.  They  cannot  be  used  to  estimate  the 
duration  of  activity  nor  to  investigate  accurately  the  sequential 
dependency  of  behaviors.  Point  samples  would  allow  the  comparison  of 
behavioral  rates  and  activity  rates  between  treatments  and 
experiments,  but  would  not  provide  an  estimate  of  individual 
variability. 

The  second  method  of  recording  behavior  is  to  note  the  state  of 
the  animal  continuously.  In  this  method-— called  continuous 
sampling~the  onset,  termination,  and  sequence  of  behaviors  are 
recorded  (usually  against  a real-timed  record) . These  data  are  more 
detailed  and  therefore  more  difficult  to  record  than  are  point 
samples.  They  are  usually  restricted  to  one  sample  animal  and  usually 
employed  with  focal-animal  sampling.  Continuous  data  have  the 
advantage  of  preserving  a much  greater  amount  of  information  about  the 
individual's  activity  and  behavior.  They  can  be  analyzed  for 
frequency,  duration,  and  sequence  as  well  as  for  rate  means  and  other 
common  statistics.  Continuous  data  also  can  be  recorded  along  with, 
e.g.,  point-sample  information  to  generate  statistics  that  can  be 
compared  to  other  data  sets.  Continuous  data  have  the  disadvantages 
of  being  difficult  to  collect,  time  consuming  and  costly  to  transform 
to  an  analyzable  format,  and  of  requiring  large  numbers  of  samples  to 
characterize  populations.  Since  they  are  commonly  used  with 
focal-animal  samples,  they  share  the  disadvantages  inherent  in  those 
samples  as  well. 

The  data  collected  for  comparative  purposes  should  be  gat.hered  by 
means  of  a technique  that  yields  large  sample  sizes  easily,  is 
statistically  viable,  and  can  be  recorded  and  transformed  for  analysis 
with  ease.  For  these  reasons,  we  favor  the  point  sample  over  the 
continuous  sample  for  comparative  purposes.  Continuous  data  are 
suitable  for — and  are  used  for — several  of  the  individual  experiments. 

For  the  purpose  of  the  general  comparative  behavioral  samples,  the 
FSP  method,  which  combines  the  focal-scan  sample  with  point  samples, 
can  provide  a data  base  from  which  the  following  might  be  analyzed: 

1.  The  mean  and  variance  of  behavioral  rates  within  treatments 
and  thus  the  capability  of  testing  for  differences  in  responses 
between  treatments. 

2.  Differences  in  behavioral  rates  between  experiments. 
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3.  Definition  of  rates  of  activity  within  experiments  and 
extrapolation  to  rates  measured  in  other  experiments  (e.g.,  the 
activity-level  example  discussed  earlier) . 

4.  Tests  for  correlations  in  response  within  treatments.  For 
example,  weight  gains  for  a given  nutritional  level  may  show 
individual  variability.  Behavioral  data  gathered  by  FSP  methods  would 
permit  differences  in  weight  gain  to  be  tested  for  correlation  or 
regression  with  differences  shown  by  the  individuals  in  their  activity 
levels . 

5.  Construction  of  individual  profiles  of  animals.  Animals  may 
show  serial  dependency  or  compensation  between  behaviors.  For 
example,  individuals  who  are  active  in  the  morning  may  be  inactive  in 
the  afternoon  or  vice  versa.  Population  measures  would  not  detect 
this  effect  if  horses  showed  no  preference  for  morning  or  afternoon 
activity.  Consideration  of  individual  energy  budgets  requires 
measurements  that  can  be  identified  at  the  individual  level. 


FSP  Sampling  Scheme 

1 • Behaviors  to  be  Recorded.  The  following  recommendations  are 
for  minimum  data  recording.  Recorded  data  are  to  reflect  (a)  activity 
states  that  provide  information  for  calculating  energy  budgets  and  (b) 
social  behaviors  that  characterize  the  rates  and  directions  of  social 
interactions  (i.e.,  who  does  what  to  whom).  The  following  categories 
are  to  be  scored:  standing,  standing  eyes  closed,  lying  down, 

walking,  trotting,  running,  feeding,  urinating,  defecating,  grooming, 
and  social  interactions.  Social  interactions  constitute  a large  body 
of  often  species-specific  behaviors  that  will  require  precise  and 
common  definitions  across  experiments.  Researchers  involved  in  these 
studies  should  be  required  to  standarize  these  definitions  after 
initial  work  has  begun. 

2.  Sample  Animals.  Where  experimental  design  permits,  FSP  horse 
samples  should  include  the  dominant  male  and  at  least  one  subordinate 
male,  two  females,  and  a foal.  For  burros,  whose  groups  are  not  as 
spatially  coherent,  samples  cannot  be  simultaneous  on  different 
classes  of  animals.  FSP  burro  scunples  should  include  territorial  and 
nonterritorial  males,  females  in  groups,  and  females  with  offspring. 

In  experiments  where  mixed  groups  will  not  be  used — such  as  the 
reproduction/nutrition  trials — the  sufficiency  of  animals  within  a 
treatment  will  be  determined  by  the  variability  of  response  with  the 
treatment. 

3.  Sampling  Schedule.  To  eliminate  diurnal  variability,  the 
following  schedule  should  be  followed.  FSP  samples  should  be  taken 
for  30  minutes  each  hour  from  0600  to  1800  once  every  2 weeks.  Points 
are  to  be  recorded  every  2 minutes  within  the  30-minute  sample. 
Ideally,  the  full  range  of  samples  should  be  done  on  the  same  day  so 
that  they  will  provide  daily  profiles  and  allow  the  determination  of 
interdependence  of  behaviors  within  the  day.  Two  minutes  has  been 
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chosen  as  being  a sufficiently  long  period  for  a trained  observer  to 
record  behaviors  and  identify  individuals  for  an  FSP  that  includes  up 
to  5 or  6 focal  animals,  while  providing  a reasonable  number  of  sample 
points  (15  per  30 -minute  period) . 


Behavioral  Sampling  for  Specific  Experiments 
Contraceptive  Experiments  on  Penned  Animals 

1.  FSP 

a.  Focal  animals.  The  groups  for  this  experiment  should  be 
composed  of  stallions  and  mares.  Stallions  of  different  social 
rank  (if  multi-male  groups  are  used)  should  be  chosen  as  focal 
animals.  Mares  should  be  picked  to  include  animals  of  different 
ranks  in  both  the  control  and  treated  (contraceptive)  groups. 

b.  Sampling  schedule.  The  sampling  schedule  should  be 
intensified  during  the  breeding  season  so  that  good  activity 
profiles  are  available  for  different  phases  of  the  breeding  cycle . 

2 . Specific  Behavior  Sampling 

a.  Rationale.  Behavior  of  animals  is  important  to  the 
determination  and  functioning  of  their  social  groups.  Since 
contraception  changes  the  hormonal  activity  of  the  female,  and 
hormones  are  often  linked  closely  with  behavior,  it  will  be 
essential  to  measure  the'  differences  in  behavior  exhibited  by 
normal  and  contraceptive  mares.  The  effect  of  individual 
behavioral  changes  on  the  group's  social  dynaunics  will  be 
monitored  and  the  ecological  and  management  implications  of  these 
effects  may  be  suggested. 

b.  Sampling  scheme.  Refer  to  paragraph  (4)  under  the 
"Methodology"  section  of  Project  6 (Chapter  2)  for  a description 
of  this  sampling  scheme. 


Nutrition/Reproduction  Experiments 

1 . Purposes  of  the  Data  Collection 

a.  To  determine  activity  levels  so  that  nutritional  levels 
can  be  accurately  generalized  to  free-roaming  populations,  in 
which  activity  levels  are  likely  to  be  different. 

b.  To  correlate  differences  in  reproductive  performance  and 
condition  to  activity  measures. 

c.  To  compare  nutritional  treatment  effects  on  activity. 

2.  Specific  Behavior  Sampling.  When  females  in  the  experiment  are 
mated,  behavioral  samples  identical  to  those  used  in  the  contraceptive 
experiment  should  be  recorded.  (Sampling  scheme  has  been  detailed  in 
the  "Methodology"  section  of  Project  6.)  These  data  will  show  how  the 
nutritional  plane  affects  the  sequence  of  sexual  behaviors  between  the 
stallion  and  mare. 
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Field  Feeding  Trials  (Small  Enclosure) 

1.  FSP.  The  purposes  of  the  data  collections  are  to  compare 
activity  levels  between  treatments  and  to  be  able  to  compare  activity 
levels  between  experiments. 

2 . Specific  Behavioral  Sampling 

a.  Rationale.  Assessment  of  the  feeding  response  of  cattle 
and  horses  to  inter-  and  intraspecific  competition  will  require 
detailed  observation  of  the  feeding  animals.  The  purpose  of  these 
samples  will  be  to  record  diet  and  dietary  proportions  to  assess 
treatment  affects,  to  generalize  feeding  behavior  within  the 
habitat  type  of  the  small  enclosure,  and  to  record  feeding 
behavior  in  sufficient  detail  to  determine  which  characteristics 
of  the  food  are  important  factors  determining  diet  in  horses  and 
cattle. 

b.  Sampling  scheme.  The  sampling  scheme  for  monitoring 
detailed  feeding  behavior  should  be  a continuous  focal-animal 
sample.  Data  are  to  be  recorded  in  a continuous  timed  sequence  on 
an  individual  animal.  The  schedule  for  sampling  should  be 
identical  to  the  FSP  schedule  described  in  the  previous  section. 
Data  are  to  be  recorded  on  one  individual  for  30-minute  periods  of 
each  hour  from  0600  to  1800.  In  these  samples  the  onset, 
termination,  and  sequence  of  all  behaviors  (see  subsections  on  the 
FSP  sampling  scheme  and  the  contraceptive  experiments  for 
behavioral  categories)  should  be  recorded  against  a real-timed 
record.  The  identity  and  size  of  all  plants  and  plant  parts  eaten 
are  to  be  recorded. 

One  must  have  this  detailed  record  in  order  to  understand  the 
basis  of  dietary  selection  in  the  horse  and  to  measure  changes  in 
feeding  response  when  inter-  and  intraspecfic  competition  occurs. 
The  detailed  data  on  food  intake  are  also  necessary  to  estimate 
energy  and  nutrient  balances  in  animals  whose  fecal  output  is 
collected.  For  both  of  these  calculations  it  is  necessary  to  know 
not  only  what  is  eaten,  but  also  the  specific  rates  at  which 
particular  species  are  eaten,  the  quantities  ingested  as  a 
function  of  time,  the  sequence  of  ingestion  through  the  day,  and 
the  diurnal  patterns  of  gross  intake  rates.  The  results  of  these 
balance  trials  will  serve  as  an  intermediary  condition  for 
translating  results  of  the  highly  controlled 

nutrition/reproduction  feeding  trials  to  the  free-ranging  feeding 
observations . 

Spacing  data  should  be  recorded  at  the  beginning  and  end  of 
each  30-minute  sample.  These  data,  coupled  with  displacement  data 
collected  as  part  of  the  continuous  record,  will  allow  dominance 
interactions  to  be  related  to  feeding  behavior. 


Habitat-Choice  Experiments 

1.  FSP . These  data  will  allow  the  activity  and  social 
interaction  rates  to  be  compared  between  treatments  within  the 
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experiment  and  between  experiments  to  determine  if  differences  are  due 
to  interaction  with  cattle  (as  opposed  to  horses)  or  to  the  habitat 
choice  of  the  horse. 

2 . Specific  Behavioral  Sampling 

a.  Rationale.  The  purpose  of  these  data  is  to  measure  the 
use  of  the  space  and  habitat  type  within  these  enclosures  by 
horses  and  cattle  to  determine  the  effect  of  intra-  and 
interspecific  competition  on  the  use  of  space. 

b.  Sampling  scheme.  At  the  beginning  and  end  of  each 
30-rainute  FSP  sample  period,  the  location  of  the  group  being 
sampled  is  recorded  on  a topographical  map  of  the  enclosed  area. 
The  type  of  habitat  occupied  is  also  recorded.  Because  these 
locations  are  likely  to  be  variable  depending  on  the  season  and 
weather,  seunpling  frequencies  for  this  experiment  are  to  be 
increased  from  2 to  5 days  per  month. 

c.  Other  behavioral  measures.  Data  on  the  feeding  and 
social  behavior  of  animals  in  this  group  would  be  of  benefit,  but 
the  feasibility  of  recording  data  requiring  closer  observer 
contact  with  the  animals  is  doubtful.  Since  the  primary  goal  of 
the  experiment  is  to  determine  use  of  space,  any  space-related 
reaction  by  the  horse  to  observers  will  deunage  the  accuracy  of  the 
results.  The  ability  of  the  horse  to  become  habituated  to  the 
observers  will  determine  the  degree  to  which  other  behavioral  data 
can  be  recorded. 


Wild  Populations  with  and  without  Contraception 

1.  FSP . These  data  will  be  used  for  comparative  measures  with 
other  experiments  and  comparisons  of  general  activity  between  normal 
and  contraceptive  mares. 

2 . Specific  Behavioral  Sampling 

a.  Rationale.  Continuous  focal-animal  seunples  of  activity, 
feeding,  and  social  behavior  are  necessary  to  make  specific 
comparisons.  Activity  is  to  be  compared  to  levels  in  the  feeding 
trials  to  determine  how  range  conditions  comparable  to  feeding 
levels  would  affect  animals  active  under  free-ranging  conditions. 
Feeding  behavior  is  to  be  compared  with  that  measured  in  the  small 
enclosures  to  determine  if  the  feeding  responses  are  similar  in 
the  enclosed  and  free-roaming  condition.  For  example,  does  the 
increased  amount  of  locomotion  required  of  free-ranging  animals 
change  their  dietary  choices  by  shortening  the  amount  of  time 
spent  feeding  at  each  plant?  Finally,  social  behavior — and  in 
particular  sexual  behavior— is  to  be  compared  with  measures  in  the 
penned  contraceptive  experiment  to  determine  how  the  free-roaming 
populations  respond  to  contraceptive  implantation.  Effects  of  the 
treatment  on  social  behavior  and  organization  may  differ  between 
the  confined  and  free-roaming  conditions. 
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b.  Sample  scheme.  Since  observational  conditions  and 
habituation  of  the  animals  to  human  observers  will  differ  widely 
in  free-roaming  populations,  a strict  sample  scheme  cannot  be 
projected  at  this  time.  The  researcher  should  employ  the  same 
sampling  methods  and  schedule  for  continuous  focal  studies  as  are 
used  in  the  experiments  to  which  comparisons  will  be  made  (i.e., 
sexual  behavior  should  be  recorded  as  per  the  instructions 
outlined  in  contraceptive  experiments,  feeding  behavior  as 
described  under  the  small-enclosure  feeding  trials,  etc.). 

c.  Sampling  schedule.  Continuous  focal-animal  samples 
should  be  30  minutes  in  length  and  conducted  each  hour  between 
0600  and  1800,  light  permitting.  These  samples  should  follow  one 
animal  for  the  entire  day.  Each  focal  animal  is  to  be  sampled  in 
this  manner  once  a month.  Focal  horses  should  include  at  least 
one  dominant  male,  two  females  (one  contraceptive,  one  normal) , 
one  subordinate  male,  and  one  foal.  Focal  burros  should  include 
one  territorial  male,  one  nonterritorial  male,  two  females  (one 
normal,  one  contraceptive) , and  one  foal. 

Spacing,  location,  and  habitat  data  should  be  recorded  at  the 
beginning  ^md  end  of  each  30-minute  sample. 


Behavioral  Sampling  Summary 

1 . Contraceptive  Experiments  on  Penned  Animals 

a.  FSP;  30 -minute  samples,  12/day,  2 months 

b.  Continuous  focal  samples  (CFS)  on  sexual  behavior 
(schedule  determined  by  researcher) 

c.  Spatial  data:  beginning/end  each  30-minute  FSP  sample 

2 . Nutrition/Reproduction  Experiments 

a.  FSP  (schedule  same  as  above) 

b.  CFS  during  mating 

3 . Field  Feeding  Trials  (Small  Enclosure) 

a.  FSP 

b.  CFS  on  activity,  feeding,  social  behavior:  30-minute 

samples,  12/day,  2 months 

c.  Spatial  data:  beginning/end  each  FSP  sample 

4 . Habitat-Choice  Experiments 

a.  FSP:  5 /month 

b.  Location/habitat  data:  beginning/end  each  FSP  sample 

c.  Other  behaviors  measured  as  possible  without  disturbance 
of  animals 

5 . Wild  Populations 

a.  FSP:  2 months 

b.  CFS  on  activity,  feeding,  social,  and  reproductive 
behavior 

c.  Spatial  data:  beginning/end  each  FSP  and  CFS  sample 

d.  Location/habitat  data:  beginning/end  each  FSP  and  CFS 

saumple 
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Contraception  in  the  Horse 

Contraception  is  not  being  advocated  in  this  section  as  a 
Exapulation-control  measure  in  horse  management.  That  is  a matter  of 
policy  decision.  It  is  the  purpose  of  the  following  discussion  to 
point  out  some  of  the  technology  that  is  available  if  contraception  is 
chosen  as  a management  tool  to  be  used  in  a particular  situation.  The 
efficacy  of  the  techniques  can  be  evaluated  in  a relatively  small 
sample  of  domestic  horses  but  determining  their  usefulness  in 
free-roaming  populations  will  require  field  trials. 

Fertility  control  or  sterilization  of  the  harem  stallion  has  been 
suggested  as  a means  of  limiting  the  growth  rates  of  wild  horse 
populations.  This  approach  is  based  on  the  premises  that  the  females 
of  a harem  or  band  are  bred  only  by  this  male  and  that  this  social 
structure  is  in  some  measure  constant.  It  assumes  that  the  behavior 
will  be  constant  while  the  females  undergo  repeated  estrus  cycles 
during  tiie  breeding  season,  and  that  the  females  will  continue  to  have 
a limited  breeding  season.  The  approach  is  currently  being  tested  in 
field  trials  using  hormone  injections  effective  for  a single  season. 
Evidence  reported  by  investigators  in  Wyoming  and  Montana  suggests 
that  these  assumptions  may  not  apply  to  all  wild-horse  populations. 
Several  males  have  been  observed  breeding  females  in  estrus;  males  may 
change  band  affiliation;  a given  stallion  may  maintain  dominance  only 
about  4 years;  and  some  mares  spend  long  periods  of  time  outside  of  a 
band.  A study  of  burro  bands,  whose  dominant  males  were  vasectoraized, 
found  that  the  females  were  then  bred  by  young  males  previously 
considered  nonbreeders  (McCort  1979).  These  considerations,  plus  the 
fact  that  the  reversible  contraceptive  techniques  for  males  currently 
being  tested  are  effective  for  only  6 months,  indicate  that  this 
approach  will  require  annual  reapplication  and  will  not  be  effective 
in  horse  populations  with  more  fluid  social  structures.  Computer 
simulation  of  population  effects  of  female  contraception  indicate  that 
the  treatment  may  need  to  be  effective  for  5 to  7 years  to  prevent 
population  growth  or  to  achieve  a decline  in  population  numbers. 

Artificial  manipulation  of  the  estrous  cycle  in  horses  (Ginther 
1979)  and  other  domestic  animals  has  been  oriented  toward  relatively 
short-term  applications.  These  have  included:  (a)  synchronization  of 

estrus  and  breeding  for  scheduled  pregnancies,  especially  for 
artificial  insemination;  (b)  treatment  of  infertility;  (c)  early 
induction  of  estrus  and  ovulation;  and  (d)  suppression  of  estrus  in 
feedlot  cattle  to  reduce  activity  and  interactions.  Long-term  control 
of  fertility  has  been  intensively  studied  only  in  human  beings,  and 
more  recently  there  has  been  work  with  hormones  and  mechanical  devices 
in  dogs  and  with  hormones  in  a few  exotic  wild  species  (Seal  and 
others  1976)  and  in  white- tailed  deer  (Matschke  1977a,  b;  Harder  and 
Peterle  1974) . 

Approaches  to  fertility  control  that  might  have  application  for 
female  horses  include:  (a)  hormones,  hormone  analogs,  and  hormone 

antagonists;  (b)  mechanical  devices  such  as  intrauterine  devices 
(lUDs)  and  pessaries;  and  (c)  surgical  intervention. 

Surgery — including  a laparoscopy  approach  for  females—would  be 
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impractical  under  field  conditions  because  of  the  infection  risk  and 
the  time  required  for  each  animal.  Surgery  is  also  permanent.  The 
lUD  has  been  an  appealing  possibility  because  its  effectiveness  lasts 
indefinitely,  it  is  potentially  reversible,  and  it  would  not  interfere 
with  normal  hormonal  and  behavioral  patterns  except  for  pregnancy. 
However,  it  is  unsuitable  (a)  because  variations  in  uterine  size 
require  individual  fitting;  (b)  considerable  care  and  skill  is 
necessary  in  placing  the  device  so  as  to  avoid  damage  and  infection; 
and  (c)  retention  has  been  variable  in  some  species. 

Detailed,  extensive  information  is  available  on  the  reproductive 
cycle  of  the  domestic  mate  and  stallion  (Ginther  1979,  Rowlands  and 
others  1975) . The  feral  mare  appears  to  be  more  strongly  seasonal 
than  the  domestic  mare  (Kirkpatrick  and  others  1979b).  However, 
published  data  on  the  long-term  effectiveness  of  contraceptive  agents 
in  horses  are  nonexistent.  The  literature  on  artificial  control  of 
the  mare's  estrous  cycle  is  oriented  towards  synchronization  of 
estrus,  treatment  of  infertility,  and  early  induction  of  estrus  and 
ovulation  (Ginther  1979).  Zimbleman  and  others  (1970),  in  studying 
melengestrol  acetate,  found  that  intravenous  administration  of  this 
agent  had  no  effect  on  the  occurrence  of  estrus.  However,  the  study 
by  Gan jam  and  others  (1975)  offered  a rationale  for  the  failure  of 
this  approach.  They  demonstrated  that  there  is  little  or  no  specific 
plasma-protein  binding  of  progesterone  in  the  horse,  and  so  the 
half-life  of  progesterone  (2.5  minutes  for  compartmental  mixing  and  20 
minutes  for  disappearance)  and  presumably  other  progestagens  is  very 
short.  This  observation  would  also  explain  the  fact  that  very  large 
daily  doses  of  progesterone  have  been  required  to  inhibit  estrus  (100 
mg/day)  and  ovulation  (200  mg/day)  in  the  mare  (Loy  and  Swan  1966) . 
Such  information  suggests  that  a different  approach  needs  to  be  taken. 

Other  compounds  tested  in  domestic  horses  include  chlormadinone 
acetate  (Arbeiter  and  Jochle  1975)  and  an  orally  administered 
synthetic  progestin,  17-a-allyl-estratiene-4-9-ll,  17-3-ol-3-one 
(Webel  1975) . The  latter  compound  (allyl  trenbolone)  has  potential 
for  use  in  implants.  It  has  been  administered  to  pregnant  horses  with 
no  apparent  adverse  effects. 

A range  of  contraceptive  agents  is  available,  and  effective 
implants  are  either  available  or  can  be  produced  that  release  small 
amounts  of  active  agents  on  a continuous  basis  for  periods  up  to  5 
years,  depending  upon  the  compound  and  the  nature  of  the  implant 
(Dziuk  and  Cook  1966,  Kinel  and  Rudel  1971).  They  have  been  tested  in 
humans  in  extended  field  trials,  and  several  agents  have  been  used  in 
more  than  400  animals  now  covering  a range  of  species  (Seal  and  others 
1976).  Given  the  logic  for  contraception  in  the  mare  (Nelson  1979, 
Miller  1979) , these  agents  would  appear  to  be  a choice  for  testing  in 
females. 

Implants  can  be  installed  in  minutes  under  field  conditions,  but 
they  require  handling  of  the  animal.  Preparations  that  could  be 
delivered  from  a dart  gun  are  available,  but  they  are  only  effective 
for  about  one  year  in  their  present  form.  The  animals  must  be 
identified  in  some  permanent  fashion  and  appropriate  records 
maintained  so  that  the  effectiveness  can  be  monitored.  A full  5 years 
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of  study  of  domestic  animals  would  not  be  required  to  determine  the 
likely  span  of  effectiveness,  since  it  is  possible  to  measure  release 
rates  of  the  compounds  from  the  implants  as  well  as  their  levels  in 
the  blood,  and  thus  to  predict  their  effective  lifespan.  It  is  only 
necessary  to  establish  that  this  mode  of  administration  and  the 
particular  compounds  chosen  would  provide  effective  contraception. 

Studies  of  domestic  mares  to  determine  the  effectiveness  of  this 
approach  might  employ  the  following  design:  use  animals  with  proven 

reproductive  histories,  install  the  implants,  observe  the  animals  for 
signs  of  estrus,  collect  blood  samples  for  hormone  assay,  use  rectal 
palpation  or  serum  progesterone  to  determine  if  ovulation  has 
occurred,  test  with  a stallion  to  detect  behavioral  responses 
characteristic  of  estrus,  and  test  for  pregnancy  if  breeding  occurs. 

It  is  possible  that  estrous  behavior  might  occur  but  that  ovulation 
might  not.  It  is  also  possible  that  ovulation  and  breeding  could 
occur  in  some  circumstances,  and  yet  the  condition  of  the  fallopian 
tubes  or  uterus  could  prevent  implantation. 

In  summary,  the  use  of  reversible  endocrine  contraception  in  mares 
or  stallions  is  feasible  from  an  endocrine  point  of  view.  Single 
treatments  could  provide  periods  of  effectiveness  ranging  from  1 to  5 
years  depending  upon  the  hormones  used  and  the  mode  of  delivery 
selected.  The  choice  of  a particular  strategy  would  depend  upon  the 
characteristics  of  the  specific  horse  population  and  the  management 
constraints. 


Chemical  Immobilization  and  Capture  of  Wild  Squids 

The  capture  of  wild  equids  and  their  restraint  and  handling  in 
zoos  and  nature  preserves  has  provided  an  impetus  for  development  and 
testing  of  chemical  immobilization  agents  (Harthoorn  1976,  Haigh  1973, 
Fowler  1978) . Use  of  these  drug  techniques  requires  considerable 
skill  and  is  best  accomplished  by  people  with  adequate  knowledge  of 
physiology  and  anesthesiology  if  losses  are  to  be  kept  to  a minimum. 
Many  of  the  problems  that  have  arisen  with  immobilization  drugs  have 
been  the  result  of  their  administration  by  inexperienced  and  untrained 
personnel  (Harthoorn  1976,  Haigh  1978).  Veterinary  practitioners  also 
commonly  have  to  deal  with  horses  at  pasture  and  fractious  animals 
that  cannot  be  handled  by  standard  techniques.  The  experiences  have 
resulted  in  the  development  of  techniques  for  using  tranquilizing  and 
immobilizing  agents. 

Chemical  immobilization  of  individuals  is  not  an  efficient 
procedure  for  the  primary  capture  of  large  numbers  of  animals  within  a 
reasonable  period  of  time.  It  is  frequently  more  effective  to  employ 
appropriate  trapping,  corralling,  or  herding  techniques.  If  necessary 
after  capture,  animals  can  be  immobilized  by  drugs  for  further 
handling,  but  it  is  possible  to  use  other  handling  techniques. 

Chemical  immobilization  can  be  effective  and  useful  when  applied 
selectively  by  trained  personnel  and  when  it  is  appreciated  that  it  is 
a time- intensive  technique  (Harthoorn  1976). 

It  is  possible  to  come  within  shooting  range  of  horses  or  burros 
with  dart  guns  by  pursuing  them  in  helicopters,  waiting  at  water 
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holes,  or  stalking.  The  range  of  the  currently  available  rifles  for 
projecting  darts  varies  from  30  to  about  100  yards.  Capture  of 
free-ranging  wild  animals  using  dart-gun  techniques  has  been 
facilitated  by  the  recent  development  and  successful  use  of  a small 
radio  transmitter  suitable  for  use  with  darts.  This  device  has  a 
range  of  up  to  a quarter  of  a mile,  depending  upon  terrain,  and  allows 
animals  to  be  located  and  followed  in  rough  country  after  they  have 
been  shot. 

Discussion  of  the  drugs  used  for  immobilizing  equids  can  be  found 
in  Harthoorn  (1974,  1976),  who  did  much  of  the  work  on  developing 
techniques  for  zebra  capture  in  Africa.  It  appears  that  either  of  two 
drugs  can  be  used  for  capture  if  circumstances  are  appropriate.  One 
is  succinylcholine,  a muscle  relaxant,  which  is  neither  a tranquilizer 
nor  an  anesthetic  agent.  It  can  be  administered  intramuscularly  by 
way  of  a dart  gun,  and  when  used  successfully  can  immobilize  an  animal 
within  5 to  10  minutes.  The  dosage  of  succinylcholine  needed  for 
capture  can  vary  with  season  of  the  year,  sex,  and  age,  so  a suitable 
dose  range  for  a particular  population  would  need  to  be  established 
from  experience.  Borchard  and  others  (1979)  have  recorded  experience 
with  this  agent,  and  in  skilled  hands  the  death  rate  would  probed:ly 
run  no  more  tham  2 to  10  percent.  Respiratory  arrest  in  successfully 
immobilized  animals  may  occur  in  20  percent  or  more  of  animals. 
Therefore,  rapid  access  to  the  animal  is  necessary  and  the  ability  to 
support  respiration  is  essential.  The  use  of  succinylcholine  has  been 
greatly  restricted  by  court  orders  based  upon  humanitarian  concerns. 
Animals  do  not  lose  consciousness  or  sense  of  pain  with  this  drug. 

The  other  drug  is  etorphine,  a morphine-type  compound  that  is 
effective  at  low  doses.  It  acts  as  an  immobilizing  agent,  an 
analgesic,  and  an  anesthetic  (Harthoorn  1976,  Bogan  and  others  1978, 
Hillidge  and  Lies  1978) . There  is  an  antagonist  available  for  use 
with  this  drug— diprenorphine — that  reverses  the  immobilizing  drug's 
effects.  An  animal  can  recover  spontaneously  over  a period  of  time 
ranging  from  30  minutes  to  2 hours  without  administration  of  the 
antidote.  Etorphine  appears  to  be  a suitable  drug  for  capturing  wild 
equids  in  the  field:  it  also  can  be  used  with  the  wild  ass  (Woodward 

1979)  . Etorphine  is  customarily  used  in  combination  with  acepromazine 
or  xylazine.  Effective  doses  of  etorphine  range  for  equids  from  5 to 
10  mg  per  animal.  Equids  have  a wide  tolerance  for  this  compound,  and 
as  much  as  10  times  the  effective  dose  has  been  administered  without 
fatal  results. 

Xylazine  has  been  used  alone  and  in  combination  with  etorphine  for 
capture  of  wild  equids.  It  should  be  used  with  great  cars  in 
combination  with  etorphine,  since  both  are  respiratory  depressants  and 
the  combined  effect  can  lead  to  respiratory  failure,  which,  if  not 
treated  promptly,  results  in  death.  Xylazine,  in  combination  with 
hetamine,  has  been  used  for  anesthesia  of  domestic  horses.  The 
combination  is  also  being  used  for  immobilization  of  many  wild  species 
and  may  be  useful  for  wild  equids.  Xylazine  can  effect  dramatic 
alterations  in  metabolic  pathways  (elevations  in  glucose  and  urea) 
that  would  make  blood  samples  useless  for  evaluating  the  nutritional 
status  of  the  animal  (Short  and  others  1972,  Eichner  and  others  1979). 
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If  succinylchoiine  cannot  be  used  for  horse  immobilization,  it 
will  be  necessary  to  test  other  drugs  and  combinations,  such  as 
etorphine  with  a tranquilizer,  or  xylazine  and  hetamine  (Alford  and 
others  1974,  Hoffman  1974,  Holmes  and  Clark  1977,  Kaha  and  others 
1979,  MacKenzie  and  Snow  1977,  Muir  and  others  1978). 


NEEDED  RESEARCH 

Proi ect  17 . Census  Methods  for  Wild  Horses  and  Burros 


Rationale 

Section  14 (b) (1)  of  PL  95—514  states  that  the  Secretary  of  the 
Department  of  the  Interior  shall  "maintain  a current  inventory  of  wild 
free-roaming  horses  and  burros."  Effective  management,  both  in  terms 
of  resource  use  and  communication  with  the  interested  public,  requires 
that  such  inventory  data  be  accurate  and  reliable.  Little  is  known 
about  the  accuracy  of  the  existing  estimates.  There  is  thus  an  urgent 
need  for  research  to  evaluate  the  existing  methods,  and  to  develop 
satisfactory  alternate  methods  where  needed. 

A research  project  is  outlined  below  that  would  investigate  three 
approaches  to  horse  and  burro  census:  "complete"  counts  (the  approach 

currently  used  by  the  management  agencies),  mark-resight  estimates, 
and  str ip-transect  estimates.  The  three  approaches  would  be  used 
together  in  each  study  area  to  serve  as  checks  against  one  another, 
and  to  determine  which  provides  the  greatest  accuracy  and  precision: 

(a)  under  a given  set  of  environmental  conditions  (terrain, 
vegetation,  etc.)  and  (b)  for  horses  or  burros.  For  the  present, 
quadrat  and  line-transect  estimates  are  not  suggested  for  inclusion  in 
the  initial  study.  When  an  initial  set  of  data  has  been  collected  and 
analyzed,  it  may  be  found  desirable  to  test  these  and  other  methods. 

This  project  might  benefit  from  being  directed  by  two  people:  one 

with  expertise  in  statistical  methodology— —especially  with  interest 
and  experience  in  animal-population  measurement— and  the  other  a 
wildlife  biologist  with  experience  in  aerial  census.  This  suggestion 
does  not  preclude  direction  by  one  person  with  adequate  training  and 
experience  in  both  areas. 

The  first  project  will  direct  attention  only  to  wild  horses,  and 
will  be  considered  a pilot  effort.  Subsequent  efforts  will 
investigate  burro  census  and  alternate  census  methodology,  if  adequate 
progress  in  the  work  with  horses  and  sufficient  funding  are  assured. 


Objectives 

1.  Test  the  accuracy  and  precision  of  three  approac.hes  to  wild 
horse  census: 

a.  Complete  counts,  including  bounded  counts 

b.  Mark-resight  estimates 

c.  Strip-transect  estimates 
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2.  Develop  a set  of  criteria  by  which  to  choose  the  appropriate 
approach  for  a given  area  with  particular  habitat  characteristics. 

3.  Investigate  the  role  of  such  variables  as  weather,  vegetation, 
terrain,  herd  size,  and  horse  distribution  on  probability  of 
observation . 

4.  Prepare  a report  that  would  outline  procedural  details  for 
carrying  out  the  three  approaches.  It  should  especially  document  any 
further  work  needed  to  establish  methodology  (including  a reference 
manual)  for  future  BLM  censuses. 


Methodology 

1.  Select,  with  the  help  of  BLM  officials,  three  or  four  areas  in 
the  western  United  States  in  which  to  evaluate  the  three  approaches. 

It  is  desirable  that  these  areas  contain  geographically  discrete 
populations — physiographically  isolated  or  fenced. if  possible — to 
minimize  or  prevent  ingress  and  egress.  Modifications  of  the 
methodology  suggested  here  may  be  required  for  individual  sites. 

2.  Conduct  a typical  complete-count  census  of  each  area  with 
helicopters  in  late  summer  or  early  fall. 

3.  As  soon  as  possible  after  censusing,  mark  approximately  half 
(if  possible)  of  the  horses  on  each  area  from  helicopters  with  paint 
capsules.  Costs  may  impose  a limitation  on  the  proportion  marked,  and 
a cost  function  should  be  applied  to  obtain  an  optimal  balance  between 
effort  expended  in  marking  and  resighting. 

4.  After  marking,  conduct  a series  of  overflights  at  3-  to  7-day 
intervals,  counting  the  number  of  marked  and  unmarked  animals  seen  and 
tallying  group  sizes.  Two  overflight  patterns  are  possible.  One 
consists  of  parallel,  straight-line  flights  across  the  entire  area, 
spaced  at  1-  or  2-mile  intervals  and  covering  the  entire  area.  Each 
such  set  could  be  oriented  toward  a different  compass  direction,  and 
should  be  selected  a priori  without  relation  to  the  area's  terrain  and 
vegetational  characteristics  or  to  the  locations  of  marked  horses. 

The  second  alternative  is  to  use  random  starting  intervals  rather  than 
the  equidistant  ones  oriented  to  random  compass  directions.  Terrain 
or  visibility  factors  may  dictate  this  option. 

5-  Use  additional  overflights  for  str ip-transect  sampling  of 
horses  in  the  line  of  flight.  First  priority  should  go  to  the 
mark-and-resight  effort  as  a check  on  the  complete  counts.  However, 
strip  transects  may  be  deemed  especially  suitable  for  some  sites. 

6.  As  soon  as  possible  after  the  overflights,  conduct  two  or 
three  more  complete  counts  from  helicopters  to  provide  an  array  of 
values  for  the  bounded-count  method  of  checking  the  accuracy  of  the 
complete  counts.  This  is  regarded  as  having  lowest  priority. 

7.  With  regard  to  objective  3,  conduct  intensive  interviews  with 
personnel  experienced  in  large-animal  census  to  gain  information  on 
the  effects  of  vegetative,  climatic,  and  equid  behavioral  variables  on 
observability.  This  step  should  be  an  initial  one,  and  may  lead  to 
necessary  modification  of  the  proposed  methodology.  Group  size  should 
be  investigated  as  a factor  affecting  observability. 
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3.  Take  opportunities  to  conduct  surveys  over  ground-truthed 
research  projects  wherever  possible  and  convenient. 

9.  Encourage  potential  contractors  to  offer  improvements  to  the 
aoove  procedures.  Tests  of  complete-count  methods  are,  however, 
regarded  as  essential. 


Project  18.  Contraception  Studies 


Rationale 

Those  who  manage  wild  equids  will  have  to  deal  with  multiple 
populations  of  differing  size,  composition,  and  accessibility.  If 
population  control  is  desired,  but  removal  techniques  cannot  be 
applied,  contraception  might  be  a useful  technique.  The  studies 
proposed  here  will  provide  data  on  short-term  effectiveness  in  mares. 
The  long-term  limits  of  effectiveness  can  be  projected  by  determining 
blood  levels  of  the  compounds  and  by  calculating  measured  rates  of 
release.  Tests  in  stallions  in  wild  bands  and  in  captivity  are  in 
progress.  They  are  designed  to  be  effective  over  the  span  of  a single 
breeding  season  (Kirkpatrick  and  others  1979a) . Compounds  effective 
in  mares  for  several  seasons  could  be  adjusted  to  last  for  only  a 
single  season. 


Objective 

Establish  a method  for  reproductive  inhibition  in  female  horses 
and  burros  that  (a)  is  at  least  95  percent  effective  (i.e.,  of  100 
animals  treated,  no  more  than  5 become  pregnant  during  the  specified 
test  period) ; (b)  requires  only  a single  treatment  or  administration 
under  field  conditions;  (c)  could  be  adjusted  to  last  up  to  7 years; 
(d)  is  potentially  reversible;  and  (e)  will  not  adversely  affect  the 
health  or  behavior  of  the  animal. 


Methodology 

1.  Establish  five  experimental  treatments  each  of  five  captive 
mares,  as  follows: 

a.  Control:  no  treatment  (placebo/vehicle) 

b.  Compound  A:  estimated  dose  for  5 years 

c.  Compound  A:  five  times  base  dose 

d.  Compound  B:  estimated  dose  for  5 years 

e.  Compound  B:  five  times  base  dose. 

Use  nonpregnant  breeding-age  females  (4  years  of  age  or  older) , 
preferably  ones  whose  reproductive  status  has  been  established  (i.e., 
t.hose  known  either  to  have  cycled  or  to  have  been  pregnant  the  past 
year)  . 

2.  Place  implants  intramuscularly  early  in  the  breeding  season, 
if  possible.  Consideration  should  be  given  to  implants  of  solid 
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silastic  polymer  in  the  form  of  rods.  Use  known  amounts  of  drug  in 
each  implant. 

3.  Measure  the  following: 

a.  Reproduction 

Estrus:  does  it  occur  or  is  it  completely 

suppressed?  (Observe  behavior  and  appearance  of 
genitalia. ) 

' Ovulation,  determined  by  rectal  palpation  and  serum 
progesterone 

' Breeding;  will  the  female  accept  the  stallion? 

Pregnancy,  established  by  rectal  palpation  and 
hormones 
' Foaling 

Foal  heat. 

In  this  sequence,  if  an  agreed-upon  percentage  of  the  animals 
becomes  pregnant,  the  trial  is  a failure  and  should  be  terminated. 

b.  Condition 

Hematology  (CBC) 

Blood  chemistry 

High  priority  Lower  priority 

Serum  urea  nitrogen  Free  fatty  acids  (NEFA) 

Glucose  Ketones 

Triglycerides  Haptoglobin 

Serum  protein  and  albumin  Transferrin 

Uric  acid 

CPK 

Bilirubin 

Behavior 

— Detailed  guidance  for  measuring  behavior  can 
be  found  earlier  in  this  chapter  ("Behavioral 
Sampling  for  Specific  Experiments; 

Contraceptive  Experiments  on  Penned  Animals," 
and  in  Chapter  2 ("Project  6;  "Methodology," 
paragraph  4} . 

Hormone  levels;  the  following  should  be  measured 
regularly; 

Blood  levels  of  contraceptive  hormone 
Serum  progesterone 

Rates  of  release  of  contraceptive  from  device 


o 
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introcuctxon 


The  overall  purpose  of  this  review  is  to  provide  an  interpretive 
perspective  of  the  digestive  and  nutritional  characteristics  of 
the  horse.  This  perspective  is  aimed  primarily  at  understanding 
the  way  digestion  and  .nutrition  in  this  species  affect  its  overall 
ecology,  encompassing  doth  its  interactions  with  its  food  supply 
via  diet  and  other  herbivores,  primarily  cattle.  Although  this 
paper  reviews  the  literature,  it  does  so  selectively.  The 
e.mphasis  has  been  to  include  key  papers  that  enable  digestion  to 
be  related  to  equid  ecology.  Extensive  and  recent  reviews  of 
horse  .nutrition  and  digestion  are  already  available  in  the 
literature  (Olsson  and  Ruudvere  1333,  Mehren  and  Phillips  1372, 

and  Slade  1374,  Prape  19" 3,  Hints 


“rape  and  Scxall  1974,  Robinson 
1373,  Hints  and  Schryver  1973). 


G 


-he  .torse  is  a neroivorous  ani.mai  wnccn  extracts  susstantia- 
energy  from  the  struct’ural  carbohydrates  of  plant  material. 

To  accomplish  the  digestion  of  these  carbohydrates , vertebrates 
must  rely  on  a s\’mbiotic  relationship  with  bacteria  and  prctczoans 
CMcir  1353).  This  digestion  occurs  by  a process  of  fermentation 
i.n  the  g'ut . .^Ithcugh  the  products  of  fermentation  are  widespread 
in  the  3.1.  tract  (Elsden  at  al.  13‘j-o),  they  are  usually  co.ncentrate: 
in  a site  within  a oarticular  section  of  the  tract.  This  farmenta- 
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One  cf  the  primary  f'^ctional  dichotomies  in  the  classification 
of  herbivores  is  based  on  the  location  of  the  fermentation  site 
(Janies  137S).  The  equids  ferment  forages  in  the  hindgut.  The 
ruminant  species  are  primarily  foregut  fermentors.  Ruminants 
are  so  named  because  they  regurgitate  forage  already  ingested 
and  remasticate  (i.e.  r’uminate)  the  bolus  to  break  down  the 
forage  particles  for  more  complete  digestion.  However  a number 
of  foregut  fermentors  (e.g.  colibid  monkeys,  macrapods , hippo- 
potamus) do  not  reuminate.  The  r’omination  process  is  ecologically 
quite  important  and  should  be  distinguished  as  a separate 
characteristic  beyond  foregut  fermentation.  In  a confusing  bit 
of  well-established  terminology,  hindgut  fermentors  are  called 
nonr''jminants  (this  nomenclature  could  easily  apply  to  foregut 
fermentors  as  well).  I will  conti.nue  this  misnomer  for  the  sake 
of  convention. 


Plant  Material , 


Chemical  Classification  and  Fermentation 


Plant  material  is  not  homogeneous  in  its  response  to  the  digestive 
syste.ms  of  animals.  Plants  are  composed  of  components  which  differ 
in  the  rates  they  can  be  digested  by  animal  and  microbial  enzymes. 
Therefore,  ideally,  plant  material  should  be  characterized  by 
the  component  fractions  within  which  the  action  of  digestive 
enzymes  is  uniform.  To  establish  relative  digestibility  would  \ 

be  a case  of  determining  the  proportions  of  the  component  fracticni  ) 
in  the  foods.  The  problem  facing  nutritional  assays  is  complicaced''’^ 
because  chemical  analyses  do  not  necessarily  act  on  forages  to 
separata  nutritionally  uniform  elements. 

This  problem  is  particularly  acute  with  the  widely  used  crude-fiber 
determinations  which  attempt  to  separate  the  digestible  and 
indigestible  components  of  forages.  Crude  friber  recovers  mainly 
cellulose  in  the  indigestible  fraction  (although  it  is  nutritionally 
available  to  herbivores)  while  losing  part  of  the  lignin  (truly 
unavailable)  to  the  digestible  fraction.  In  the  first  growth  of 
temperate  grasses  where  lignin  is  positively  correlated  with 
cellulose,  crude  fiber  is  an  adequate  predictor  of  digestibility 
(Dijkstra  1969);  but  in  tropical  grasses,  where  no  such  relaticn- 
shio  exists,  crude  fiber  is  a ooor  index  cf  forage  cualitv  (Oluba'o 
et  al  1974). 


The  detergent  system  has  been  developed  to  correct,  in  part, 
problem  (Van  Soest  1967).  Because  the  principal  che.mical 
components  of  plants  differ  in  their  solubility  at  different 
successive  extractions  with  solutions  cf  different  pH  will 
sequentially  remove  these  components.  This  method  separates 
material  into  cell  constituents  and  cell-wall  fraction,  furt 
dividing  cell  wall  into  cellulose,  hemicellulose  and  lignin 
.'^.Ithough  these  chemical  entities  are  good  predictors  of  dige 
(hertens  1973),  the  detergent  system  does  not  characterize  t 
digestibility  of  particular  constituents  of  the  forage.  Tig 
bility  withi-t  these  fractions  can  vary  with  taxon,  growing 
conditions  and  extent  of  lignif ication . However,  cell  conte 
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can  generally 
ccmponents  of 
slowly-. 


be  characoerioed  as  rapidly  digesoible  while  the 
the  cell  wall,  hemicellulose  and  cellulose,  fement 


The  tiajor  functional  division  of  plant  material  is  between  the 
cell  constituents  and  the  cell  wall  (Table  21 ) . The  contents  of 
the  cell  are  the  fraction  active  in  plant  metabolism  and  are 
composed  primarily  of  sugars,  proteins,  and  storage  carbohydrates. 
This  fraction  can  be  digested  directly  by  vertebrate  enzymes  or 
fermented  raoidly  by  microbes.  The  cell  wall  provides  the 
structural  matter  for  the  plant.  This  fraction  cannot  be  degraded 
by  vertebrate  digestion  but  can  be  hydrolized  by  bacterial  and 
f’ungal  enzymes  (Gibson  1963  ).  Therefore  the  utulczation  or  the 
cell  wall  as  a nutrient  source  is  dependent  on  microbial  s'^/mbiosis 
(Hungate  1356).  The  cell  wall  while  providing  the  plant  with, 
structural  support  also  functions  to  defend  the  plant  against ^ 
herbivores.  3y  increasing  the  proportion  of  .the  plant  which  is 
slowly  digestible  or  totally  resistant  to  breakdown,  the  plant 
decreases  its  digestibility  and  palatability . 


Cellulose  and  hemicellulose , the  principal  structural  carbohydrates 
of  the  call  wall,  vary  in  the  extent  of  their  availability  for 
fermentation  dependent  upon  the  lignin  content  of  the  cell  wall 
(van  Scest  1357).  The  .mechanism  by  which  the  affect  of  lignin 
is  exerted  is  unclear  but  may  be  involved  with  the  cross 
linkages  which  occur  between  the  lignin  and  the  structural 
car bohvdratas  of  the  cell  wall  (Van  Soest  1377) . Kawamura  at  al. 
(137u.)'have  shown  through  histological  studies  of  digesting  plant 
.matter  that  the  structual  characteristics  of  the  tcssue  in  conjunct 


ror  this 


with  chemical  linkages  affect  the  rata  of  digestion, 
reason  characteristic  taxonomic  ratios  of  lignin  to  cellulose 
and  hemicellulose  are  important  nutritive  cnaracteristics  or 
forages  (Van  Soest  1973). 


Table  22  is  a comoilation  of  che.mical  analyses  of  plant  materials 


lignin  contents 


permanency 


’unction  as  both 

structural 

,ants  are  most  1 

ikely  to 

more  perm.anent 

parts 

t likely  to  be 

supportive , 

(McKey  1374)  and  these  structure  are  n 
both  function  are  likely  to  produce  a positive  relationship 
between  permanence  of  the  plant  part  and  its  ce — i-wa-l  and  lignin 
content.  Herbivores  are  likely  to  be  sensitive  to  cirrerences 
between  the  functional  categories  of  plant  material  when  making 
feeding  decisions. 

Different  life  forms  show  somewhat  different  fiber  values  within 
functional  categories.  Grasses  have  lower  rioer  content  in  t.teir 
stems  than  trees  and  shrubs  but  higher  cell-wal_  and  lignin 
fractions  in  their  leaves.  Therefore  grasses  provide  a larger 
rraction  of  slowlv  fermentable  material  because ‘they  .-.ave  a «arger 


Table  21  . The  Chemical  Fractions  of  Plant  Material  (after  Van  Soest  T967). 
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Table  22.  ClirMICAl.  COMPOSITION  OT  Pl.ANT  MATClUAl. 
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cell-wall  component  and  a smaller  indigestible  fraction.  For 
animals  specialising  in  extracting  energy  by  means  cf  microbial 
fermentation,  the  grasses  hold  the  greatest  potential. 


Temperate  grasses  show  lower  cell-wall  and  lignin  fractions  than 
tropical  grasses.  Dei.num  and  Dirven  ( 1975  ) demonstrate  that  the 
extent  of  cell-wall  formation  of  bot.h  temperate  and  tropical  grasses 
was  a response  to  temperature,  independent  of  age  after  maturity. 
They  also  found  that  the  digestibility  of  the  cell  wall  decreased 
with  age  at  a greater  rata  at  higher  temperatures.  This  decrease 
occurred  because  of  the  lignif icaticn  of  vascular  bundles  and 
sclerenchyma  (Deinum  1976).  Stems,  which  have  higher  proportions 
of  vascular  bundles  and  sclerenchyma  relative  to  parenchyma, 
which  is  net  lignif ied,  will  show  higher  lignin  values  than  leaves 
'and  hence  a greater  potential  for  depresssicn  of  digestibility 
with  age  and  temperature.  The  generally  lower  digestibility  of 
tropical  forages  reported  by  Minsen  and  McLoed  (1970)  and 
reviewed  by  Moore  and  .Mott  (197  3)  is  most  likely  due  to  the 
differences  in  termperature  at  which  they  were  grown  and  their 
greater  stem-to-leaf  ration.  Furthermore  tropical  grasses  show 
a greater  difference  between  cell-wall  and  lignin  values  in  the 
stem  and  leaves  than  temperate  grasses,  while  the  amount  of  soluble 
carbohydrates  within  the  stem  is  greater  in  tropical  grasses 
(Teinum  and  Dirven  1975).  Therefore  selective  gracing  would  be 
expected  to  be  more  important  in  tropical  than  temperate  grass- 


lands 


Digestive  Process 

Digestive  rates.  — The  actual  digestibility  of  a forage  is  a 
function  of  t.te  digestion  rata  (a.nzymatic  action)  acting  cn  a 
carticle  fer  the  duration  of  its  retantic.n  in  the  digestion  site. 
Waldo  et  al.  (1969,  1972)  proposed  a digestion  model  involving 
the  fiber  kenetics  of  the  r’umen.  They  considered  the  r’omen  to 
be  filled. with  two  fractions  (pools),  cna  digestible  and  the 
other  indigestible , whose  disappearance  from  the  r^umen  was  a function 
of  the  rates  of  digestion  and  passage.  Plots  of  the  log  arithm 
of  residual  cell  wall  as  a function  of  time  for  ^ vitro  digestion 
trials  yield  linear  results  when  the  indigestible  cortcen  is 
subtracted  from  the  calculations  (Smith  et  al.  1972).  These 
results  (i.e.  a constant  proportion  of  the  cell  wall  removed  per 
'unit  time)  indicate  first-order  kenetics  and  validate  this 
assumption  in  the  Waldo  model. 


Mertens  (197  3)  found  retention  ti.me  to  be  the  most  important 
factor  predicting  intake  and  digestibility/  in  sheep.  Intake 
retention  ti.me  are  linked.  Increased  intakes  decrease  reten 
time  "and  depress  digestibility  (Raymond  et  al . 195  9 , Pearce 
.Mcirl36u,  Mce  196  5 , .■llwash  and  Thomas  1971  and  1974.,  Tyrrel 
Mce  1975).  The  type  of  diet,  related  to  its  physical  form, 
affects  retention  times  in  both  r’cminants  (Alwash  and  Thomas 
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an  nonruminanxs  CJden  1378).  Direct  correlation  between  particle 
sice,  retention  tine,  and  digestibility  have  been  detarnined  in 
sheep_( Pearce  and  Moir  1364). 

The  concept  that  digestion  can  be  characterized  by  two  parameters, 
digestion  rate  and  retention  time,  is  potentially  useful  for 
comparisons  of  r’uminants  and  nonr’uminants . Differences  in  digesti- 
bility cf  forage  between  the  two  groups  can  be  examined  in  light 
of  evidence  for  differences  in  these  two  parameters. 

Fermentation  site.  — The  more  i-mportant  processes  occurring  in 
the  fermentatucn  site  (either  r’jminant  or  ncnru.mi.tant ) are  diagrammed 
in  Fig.  9 . The  fermentation  site,  regardless  of  location,  is 

an  ecological  system  within  which  there  is  active  competition  bet- 
ween individuals  for  energy  and  nutrients  (Hungate  1365).  Upon 
entry  to  the  site  all  digestible  fractions  of  the  forage  are 
subjected  to  microbial  digestion.  The  soluble  nutrients  (i.e. 
cell  contents)  are  rapidly  fermented  and  the  rate  of  the  digestion 
of  other  components  is  related  to  their  solubility  (Hungate  1355). 
Microbes  produce  respiratory  products,  volatile  fatty  acids  (VFA) , 
which  are  the  primary  energy  source  from  fermentation  for  the 
host.  Heat  and  methane,  also  products  of  fermentation,  are  unavail- 
able and  their  energy  value  is  lost  to  the  herbivore.  Values  for 
these  losses  vary  depending  upon  diet  but  generally  range  from 
10-30%  of  digestible  energy  (DE)  (Baldwin  et  al.  1377). 

Microbial  copulations  within  the  fermentation  site  form  an  ecosystem, 
cf  populations  (McBee  1371) . The  populations  grow  at  rates 
proportional  to  their  .nutrient  supplies  (Crskov  1373  ).  They 
assimilate  energy  and  utilize  dietary  protein  or  ammonia  as 
nitrogen  sources  for  growth  and  reproduction  (Hungate  1365).  The 
ability  to  upgrade  ammonium  ions  to  protein  nitrogens  has  the 
cctential  to  provide  urea  recycling  and  m.icrcbial  protein  synthesis 
to  the  herbivore.  Since  microbial  bodies  are  being  continually 
washed  from  the  fermentation  site  the  protei.n  (a.nd  other  synthesized 
components  such  as  vitamins)  have  t.he  potential  to  be  digested 
and  absorbed  in  their  synthesized  form. 


The  positioning  of  the  fermentation  site  along  the 
to  the  function  of  f erm.entation  for  the  herbivore 
Since  the  soluble  fraction  (cell  contents)  of  the 
digestible  by  gastric  enzymes  of  vertebrates,  if  t 
is  fermencad  in  the  foregut,  a sizeable  fraction  o 
lest  to  heat  and  methane  production.  Since  little 
nutrients  escape  fermentation  (Bryant  1353,  Bryant 
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Doniinanl  process  of  Uie  feriiien ta I ion  site  relevant  to  the  ecology  of 
ruminants  and  nonruminants.  This  figure  is  a generalized  picture 
applicable  to  varying  degrees  to  fore-  and  hindgut  fei^mentors. 
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? ermenraticn-site  positioning  nay  also  datsrnine  the  relative 
caoacity  of  r’-iminants  and  nonr’oiriiiants  to  utilize  the  synthesized 
nutrients  in  the  bodies  of  the  nicrobes.  In  the  foregut  fermentors , 
microbes  are  subjected  to  gastric  digestion  in  the  abomasum  and 
the  resulting  components  are  absorbed  in  the  small  intestine. 
However,  for  the  nonruminants  no  established  mechanism  has  been 
identified  for  the  digestion  of  microbes  in  the  colon  and  somewhat 
contradictory  evidence  exists  for  the  absorption  of  any  digestion 
products.  The  utiUzaticn  of  urea  and  microbial  protein  is  a 
clear  example  of  the  differences  in  these  systems  and  because  of 
its  importance  as  a limiting  nutrient  in  grassland  ecosyste.ms 
(Sinclair  1977)  will  be  discussed  in  detail  below. 


The  ability  of  ruminants  to  utilize  low-protein  diets  has  been 
widely  established  (see  reviews  by  .McDonald  196  3 , Tillman  and 
Sidher  1969).  They  show  the  ability  to  survive  on  diets  composed 
entirely  of  N?N  (Loosli  et  al.  19^19,  Virtanen  1965  ).  Since  there 
is  no  evidence  that  their  amino-acid  requirements  are  different 
from  other  mammals  (Moir  1963),  this  ability  reflects  the  microbial 
synthesis  of  amino  acids  from  N?N  source  (NAS  1975). 


In  the  foregut  fer.menters,  dietary  protei: 
r’umen  microbes  for  energy  (Hungate  1955  ). 


is  attacked  by  the 
The  intense  comtetiticn 


among  the  microbes 


for  energy  sources  is  reflected  in  the  low 


concentrations  of  free  amino  acids  and  peptides  in  the  r’umen  (Sryant 
953  , Hungate  1955).  .Ammonia,  produced  partially  from  hydrolysis 
f protein,  is  ratdily  inccrtorated  into  microbial  protein  (Bryant 
1963).  Nolan  et  al . (1972)  found  that  5G%  of  the 
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N in  the  bacteria  of  the  rumen 


was  from  the  ammonia  tool. 


of  the  trotein  of  low  solubility  does  however  pass  throug 
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r’cmen  without  digestion  (Chaluysa  1972  ) and  some  free  ammonia  is 
absorbed  through  the  rumen  wall  and  transported  to  the  liver _ for 
amino-acid  synthesis  or  urea  formation.  The  microbes,  carrying 
the  preponderance  of  the  dietary  protein,  are  washed  from  the 
rumen  and  their  troteins  digested  and  amino  acids  absorbed  in  the 
small  intestine  (Armstrong  and  Hutton  1975  ).  .-mmonia  produced 
in  this  process  is  absorbed  into  the  portal  system  and  returned 
via  the  blood  as  urea  to  diffuse  into  the  r’cmen  (Houpt  195  9)  , and 
to  the  salivary  glands  to  ree.nter  the  rumen  via  the  esophagus 
(McDonald  1943,  Nolan  et  al.  1972).  Microbes  can  hydrolyze  the 
recycled  urea  and  utilize  the  ammonia  as  a nitrogen  source  (Bryant 
and  Robinson  1963).  The  recycling  system,  capable  of  upgrading 
endogenous  urea  to  essential  ammo  acids , also  has  the  ability  to 
utilize  dietary  NPN  sources  for  all  amino-acid  synthesis . There- 
fore dietary  selection  for  amino  acids  is  not  essential,  but 
selection  for  nitrogen  in  any  digestible  form  is  critical,  .nlso 
because  r’umen  microorganisms  rapidly  assimilate  most  or  tne 
gl’uco^e  in  the  r’umen,  foreg’ut  fermenters  must  rely  heavily  on 
deamination  of  protein  in  the  liver  for  their  blood-sugar  supp_y. 

urea  is  a product  of  deamination,  withcut  the  abi— ity  to 
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Because  in  the  ncnruninant  dietary  proteins  are  hydrolyzed  in 
the  stomach  and  small  intestine  by  the  herbivore's  proteolytic 
enzymas  and  absorbed  directly  into  the  body  in  the  small 
intestine,  zhe  energy  losses  involved  in  the  microbial  breakdown 
and  resynrhesis  of  protein  in  the  r’omen  are  avoided.  However 
because  the  major  fermentation  site  is  posterior  to  the  site  of 
digestion  and  absorption,  the  digestion  of  protein  and  absorption 
of  amino  acids  must  occur  in  the  colon.  The  mechanism  for  the 
digestion  and  absorption  of  amino  acids  in  this  organ  is  not 
well  documented.  F'orthermore  because  the  fermentation  site  is 
located  in  the  hindgut  the  time  for  the  digestion  of  the  microbes 
and  absorption  of  their  nutrient  components  is  much  reduced 
relative  to  the  ruminant  system.  Therefore  nonruminants  would  be 
likely  to  show  higher  fecal  nitrogen  losses  than  ruminants  of 
the  same  size. 


The  existence  of  nitrogen  cycling  in  ncnruminants  has  been  demon- 
strated in  man  (Walser  and  Bcndenlcs  19  59)  , rats  (Rose  and  Dekker 
1956),  horses  (Koupt  and  Houpt  1971,  Prior  et  al.  197U)  and  rabbits 
CRogeczi  et  al.  1955,  Houpt  1963).  A number  of  studies  have 
demonstrated  the  presence  of  urea  nitrogen  in  the  body  amino  acids 
(Richards  et  al . 1967,  Snyderman  1967,  Grimson  1971,  Rogeczi  et 
al.  1965  , Davies  and  Koonberg  1950).  Si.nce  recycling  of  nitrogen 
does  occur  in  nonru.minants , the  ecological  consideration  is  whether 
there  are  quantitative  and  qualitative  differences  between  the 
two  digestive  strategies. 

Quantitative  differences  between  ruminants  and  nonruminants  would 
be  expected  cn  the  basis  cf  the  positioning  of  the  fermentation 
site.  The  magnitude  of  the  difference  should  be  size  specific, 
decreasing  with  larger  body  size  as  retention  times  i.ncrease. 

Prior  et  al.  (1974)  show  similarity  in  urea  retention  between 
horses,  cattle,  deer  and  sheep.  The  horse's  large  body  size 
compensates  for  the  hindgut  fermentation  site  to  produce  efficiencies 
similar  to  the  deer  and  sheep.  Man  and  rabbits  shewed  much  lower 
efficiencies.  The  rabbit's  inefficiency  may  be  a function  of  its 
size  where  in  man,  an  omnivore,  the  absence  of  a highly  developed 
fermentation  site  would  likely  impair  the  efficient  hydrolysis 
of  urea  by  microbes. 


Qualitative  differences  arise  if  the  site  of  amino  acid  synthesis 
is  the  liver  or  the  microbes  of  the  gut.  The  range  of  amino  acids 
that  can  be  synthesized  in  the  liver  is  limited.  Those  amino 
acids  required  by  the  animal  but  .not  synthesized  by  the  liver 
must  be  present  in  the  diet  and  are  referred  to  'essential'  ami-no 
acids.  However  microbial  synthesis  can  supply  the  full  complame.nt 
cf  amino  acids. 
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is  solely  of  bacterial  origin  (Dell’ona  et  al . 1358).  Therefore 
the  contact  of  ingesta  with  a concentrated  bacterial  population 
is  i.t2ortant  for  efficient  nitrogen  recycling  (i.e.  humans,  who 
lack  developed  fermentation  sites,  would  not  be  expected  to 
show  high  nitrogen  recycling  capabilities).  The  administration 
of  antibiotics  to  the  ncnruminant  reduces  or  eliminates  its 
ability  to  retain  nitrogen  (Wrong  et  al.  1970,  Koupt  and  Houpt  1971). 
Cnee  ammonia  enters  the  liver  and  is  dextoxified  to  urea,  it  is 
recycled  in  the  blood  to  the  caec’om  of  the  horse  (Houpt  1353  ), 

G.I.  tract  in  man  (Waser  and  Bodenlos  1359,  Richards  1972)  and  to 
the  salivary  glands  (Forland  et  al.  136^1).  The  urea  in  the  gut 
is  hydrolyzed  and  the  free  ammonia  can  either  diffuse  through 
the  colon  wall  (Castell  and  Moore  1971)  or  be  assimilated  by  the 
microbes  in  the  cecum  (Wootten  and  Angenzio  1975). 

The  degree  to  which  ammonia  is  utilized  by  the  microbes  is  dependent 
on  the  energy  sources  in  the  lower  gut  (Mason  1976).  The 
ability  to  absorb  amino  acids  in  the  colon  has  been  demonstrated 
only  in  the  horse  (Slade  et  al.  1970).  The  ability  of  mature 
horses  to  maintain  themselves  regardless  of  the  nitrogen  source  is 
further  i.ndicaticn  of  the  assimilation  of  microbial  amino  acids 
(Robinson  and  Slade  1974) . However  the  actual  mechanism  by  which 
the  microbial  cells  are  digested  i.n  the  lower  gut  has  not  been 
described.  Several  mecha.nisms  have  been  suggested:  the  continued 

activity  of  pancreatic  e.nzymes  in  the  caecu.m  (Robinson  and  Slade 
19  74),  autclysis  of  microbes  in  the  colon  (Baker  191^2)  and  the 
activity  of  protrolytic  bacteria,  common  in  the  squid  caecum 
(Kern  et  al.  1373). 


Cemtarative  .Anatemv  and  Digestive  F'cnction 


Size  of  gut  comoonents.  --  Si.nce  retention  of  particies  wit.nin 
segments ~of  the’ gut  is  a function  of  intake  and  the  vcl’ome  of  the 
section,  the  relative  size  of  segments  in  the  G.I.  tract  indicates 
the  relative  capacity  for  digestion  within  the  segment.  Cn  a 
comoarative  basis  differences  in  allotment  of  volume  to  the 
segme.nts  indicates  the  digestive  strategy  of  the  species.  Data 
on~the  vol-ome,  estimated  by  contents,  is  given  in  Table  24  . Some 
interesting  patterns  are  apparent.  .As  expected,  r’uminants  devote 
the  majority  of  the  gut  volume  to  the  foregut  and  nonruminants 
allocate  a substantial  capacity  to  the  hindgut . Within  the  non- 
r’uminant  the  relative  volume  of  the  hindgut  increases,  indicating 
the  growing  importance  of  fermentation  witn  larger  body  size. 
However  donkeys  have,  on  an  absolute  scale,  suostantially  larger 
lower  tracts  than  expected  and  show  greater  capacities  for  fiber 
digestion  than  the  horse  (Wolter  and  Velandia  1370). 

The  fermentation  oroducts,  a crude  estimate  of  fermentation  rates, 
show  that  nonr’uminants  achieve  similar  concentrations  witnin  t.ne 
fermentation  site  as  ruminants  (Taole  23).  The  .norse  and  t.te 
cow  are  similar  in  body  weight  anc  weignt  cz  tut  contents 
(Zldsden  et  al.  1345)'.  The  ferme.ntaticn  contents  appear  to  be 
slightly  greater  in  cows  than  horses  (lO.G-17.9%  oz  oody  weignt 
in  the  cow,  11.2%  in  the  horse).  Interestingly  ( 1373  ) fc'inc 

that  the  weight  of  fezmientation  contents  had  a simi— ar  exponent 
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for  regression  againso  body  weaghr , as  g^a'c-conrenrs  weighb  in 
r’jninanos  and  nonruainands  no  dhe  saae  regression  line. 


The  horse,  sLnilar  in  weighr,  inedabolio  requirement,  and  fermentation- 
site  size,  shows  differences  in  its  ability  to  digest  the  fibrous 
fraotion  of  forages.  Similarity  in  the  above  parameters  affecting 
digestive  capacity  implicates  the  different  retention  mechanism 
of  the  rumen' and  caecum  in  producing  differences  between  horses 
and  cows  in  digestive  efficiencies  of  the  cell  wall  or  rorages. 


Mechanisms  .of  retention  in  the  cecum  and  rumen.  — Uden  (1973) 
did  comparative  work  on  the  digestive  capacities  of  r’lminants 
and  nonruminants.  He  found  that  fecal  particle  size  was  larger 
in  ncnruminants  than  ruminants.  Although  this  phenomenon  is  often 
attributed  to  the  longer  retention  times  of  r’uminants  (see  below) 
there  are  a series  of  differences  in  the  two  digestive  systems 
which  produce  different  particle  size. 


.A  critical  element  of  the  rumen's  function  is  the  selective  delay 
of  ingesta.  The  selective  delay  occurs  by  lowering  the  probability 
that  forage  recently  ingested  will  escape  the  rumen.  If  a volume 
is  filled  with  a liquid,  in  which  perfect  mixing  occurs,  there 
is  a certain  probability  that  some  intake  will  be  simultaneously 
lost.  Cnee  a particle  enters  t.he  volume  its  probability  of  escape 
does  not  change  with  time.  The  rume.n  has  a mechanism  to  li.nk 
the  probability  of  escape  with  residence  ti.me  of  a particle. 

Smith  (1953)  has  demonstrated  hew  particle-size  breakdown  occurs 
microbially  in  the  rumen  and  that  particle  size  is  related  to 
passage  rate  (7ig.  10  ) • Since  forage  enters  the  ru.men  as  large 
::a.rtioles  and  is  progressively  reduced  to  small  size,  the  rumen 
efficiency  is  produced  by  linking  the  probability  of  passage  to 
residence  time  via  particle  size. 


•Although  somewhat  elective,  the  caecum  b 
volume  than  the  rumen  (Uden  1973)  and  pa 
sizes  appear  in  the  colon  at  similar  rat 
These  results  would  suggest  higher  rates 
particles,  and  coupled  with  differences 
oroduce  lower  digestibilities  of  the  cel 
forages  in  ncnruminants . 
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Body  size.  — .A  number  of  anatomical  and  physicclcgical  factors 
are  related  to  body  size  but  because  they  often  chainge  with 
weight  at  different  rates  individuals  of  different  sizes  are 
required  to  be  different  types  of  animals.  Both  metabolic  rate 
and  gut  capacity  change  differentially  relative  to  weight.  The 
significiance  of  this  ratio  was  originally  suggested  by  Short _ 
(1963T  and  has  been  discussed  by  Prins  and  Geelen  (1971)  , Janis 
(197ST,  and  furmher  developed  by  Parra  (1973).  To  formulace 
this  relationshio  more  oreciselv  a model  is  presented. 
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SIZE  SPECIFIC  HATES  OF  PASSAGE 
FOR  PARTICLES  FROM  THE  RUMEN 


I’il'urc;  JO.  A plot  of  s i zo-npoci  t i c pcjbHaj’u  ratea  of  particle  from  the  rumen  of  stieep 
(<lala  from  Smilli  1008).  ‘1‘lie  plot  shows  lliaL  large  particles  have  a low 
pr<jhahiJiLy  passage,  and  willi  decr*easing  siz;e  likelihood  ot  passage 
iiu;rOijscs  until  very  sma  1 1 -s  i zed  [)ai'ticles  again  liave  low  pi'ohaln  1 i I y . 
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Because  basal  netabciic  rare  (Xcal/kg/tLT.e)  decreases  nonlinearly 
with  body  weight,  the  total  nietabclic  requirements  of  mammalian 
herbi:/ores,  (Kcal/day)  , increases  as 


M 

‘•R 


7Q 


(Kleiber  1375)  (1) 


where  W = weight  in  kg.  The  use  of  the  expone.nt  .75  is  appiicab 
for  interspecific  comparison  across  a wide  range  of  body  sizes. 
Differences  in  this  exponent  between  species  (Thcnney  et  al. 

1976  ) may  slightly  modify  specific  comparisons  I may  ma.ke , but 
will  not  alter  the  general  conclusions.  Because  M,  increases 
with  weight,  albeit  at  a decreasing  rata,  large  animals  always 
require  more  total  energy  but  small  animals  require  more  energy 
relative  to  their  body  weight. 


a 


The  capacity  of  the  gut  determines,  in  part,. the  capacity  for 
digestion  in  the  herbivore.  Parra  (1973)  plotted  the  wet  weight 
of  gut  contents  of  herbivores,  both  r’zminants  and  nonruminants, 
against  weights  (Fig.  11  ).  Demment  (submitted)  argues  that  the 
bias  of  the  measure  of  capacity  by  digesta  weight  is  systematical! 
related  to  body  size.  He  suggests  that  the  exponent  should 
be  1.00  instead  of  the  1.09  of  Parra's  regression.  Importantly 
ruminants  and  nonruminants  show  the  sa.me  gut  size  relative  to 
weight  (Parra  1973). 
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If  the  rate  of  metabcli.=~ 
and  the  gut  size  the  capacity  to  pr^ 
then  the  .nonli.near  respo.nse  of  metabolism  coupled  with  the  appro- 
ximately linear  response  of  gut  size  produces  higher  ratios  of 
metabolism  to  processing  capacity  in  small  ani.mals  relative  to 
large. 


If  the  gut  is  considered  a vol’ime  into  which  m.ass  flows,  but 
behaves  like  liquid,  the  proble.m  can  be  exa.mi.ned  using  single- 
pool  kinetics  (Shipley  and  Clarkl372  ).  The  time  a particle  spe.nds 
in  the  volu.me,  its  retention  ti.me,  T,  can  be  expressed  as: 

T = i (2) 

1 


where  V is  the  capacity  c 
(mass/time).  The  dry-wei 
as  13%  of  the  wet-weight 
(Fig.  21  ) has  been  correc 


r.nt  VO. 
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where"  W is  the  body  weight  in  kg  and  7 is  the  TIT 
dry  matter.  Kleiber's  equation  for  basal  metabcl 
converted  to  a dry-matter  (kg)  requirement  using 
(N.R.C.  1973).  The  intake  of  dry  matter  (kg /dry) 
balance  basal  metabolism  at  a constant  digestabil 
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BODY  SIZE  OF  FOREGUT  FERMENTORS 
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rijiui't:  I |.  The  por'oeni  aj'.e  of  all  I'aal  Alfican  herl)  i voroua  ai)ecies  (N  = 187),  which  ai-e 

foregul  f ei'iiien  toi*a  ia  plotted  againat  body  weight.  The  aina  i 1 and  very  large 
apeciea  are  hindgut  f eiMiieii  t oi>a . TIte  r'uminanta  (a  aubset  of  tlie  foreguL 
ieniien  tor*a ) dominate  tlie  middle  body  aizea.  There  are  no  ruminanta  in  the 
1200  » kg  category.  Only  tlie  h i ppopotamua , wliich  is  a foregut  fei-mentor, 
does  not  ruminate. 
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where  D is  the  percentage  dry  natter  rer.oved  from  the  intake 
and  not  present  in  the  feces. 

Substituting  equations  (3)  and  (4)  into  (2)  yields: 

3253 


539  D 


C5) 


The  rate  of  passage,  Kp  (a  rate  constant),  is  the  reciprocal 
of  the  retention  time: 

-.,-.327 

,,  ft  - ■ 

.<0  = A A 

• 3 0 w w 

Equation  5 states  that  rates  of  passage  in  small  animals  must 
be  higher  than  in  large  ani-mals  to  meet  basal  metabolic  require- 
ments on  the  same  quality  foods. 

This  relationship  suggests  that  small  ani.mals  are  constrained  by 
rapid  passage.  To  compe.nsate  they  eat  rapidly  digesting  foods 
(i.e.  large  cell-content  fractions).  Only  in  the  middle  body 
sizes  ( 5-300  kg)  is  the  M.R/gut  size  ratio  sufficiently  low  to 
allow  selective  delay  of  forages.  In  these  body-size  ranges, 
r'umi.tants  are  dominant  in  grassland  ecosystems  (Eigl2).  Since 
total  metabolic  require.ment  increases  with  body  size,  larger 
ani.mals  recuire  more  total  food  than  smaller  ani.mals.  The 
genaral  relationship  of  abundance  and  forage  quality  is  presented 
in  Table  These  data  suggest  that  high-quality  forage  is 

rare  and  low-quality  forage  abundant.  Therefore  as  body  size 
increases,  diet  quality  must  decrease  (Temment  1978).  Oemment 
and  Van  Soest  (in  prep)  argue  that  the  upper  limit  on  ruminant 
size  is  set  by  the  rata  at  which  low-quality  diets  can  be  reduced 
in  particle  size  for  passage.  It  is  the  very  mechanism  that  allow 
increased  efficiency  of  fiber  digestion  that  li.mits  the  range 
of  diets  the  r^uminant  can  utilize  efficiently.  Therefore  very 
large  herbivores  are  nonruminants  which  eat  a lower-quality 
diet  than  r'lminants. 

The  dominance  of  the  perissodactyls  during  the  Eocene  and  the 
subsequent  reduction  in  number  coincidental  with  the  rise  of 
the  ruminants  in  the  Cligocene  (Janis  1975),  coupled  with  the 
present  patterns  of  body-size  distributions  of  the  two  groups, 
strongly  argues  that  competition  from  the  r’cminants  has  been 
of  major  importance  in  shaping  equid  feeding  ecology.  The  more 
efficient  r’cminant  system  for  the  digestion  of  plant  call  walls 
may  have  displaced  the  aquids  as  the  grasslands  of  the  world 
became  predominant.  .A.s  argued  above,  the  .nonr’ominant  system, 
designed  for  passage  and  not  delay,  f’cncticns  effectively  in 
the  small  and  very  large  body  sizes.  The  evolutionary  response 
of  the  horse  has  been  to  increase  its  body  size_ through 
evolutionary  ti.me  (Simpson  1950,  quite  possibly  in  order  to 


G.  I T.  contents  (kg') 


277 


- jvpa  T_' 


(Frcn  Parra  1373).  linear  log-leg  plor  of  gut 
wet  weight  on  oedy-weight  yield.  The  exponent 
very  close  to  l.OQ,  indicating  an  iscnetric  in 
gut  sice  with  tody  weights.  There. is  no  signi 
difference  cetween  r’lninants  a.nd  ncnr’oninants 
relationship . 
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have  a body  size  suf ficiently  large  to  eat  a diet  of  coarser 
quality  than  the  r’uminants  (3ell  1369). 


Digestive  Capacity  of  Zquids 

Crude-fiber  digestion.  — The  fibrous  fraction  has  been  shown 
to  be  the  nost  important  forage  parameter  for  predicting  digestion 
coefficients  for  horses  (Olsson  1943,  Kintz  1969  , Fonnesbec.k  1969  , 
Vander  Noot  and  Trout  1971) . High  correlations  with  cruda-fiber 
values  have  oonsistently  been  found  (e.g.  Olsson  13^9).  But 
Fonnesbeck  (1969),  evaluati.ng  several  assays,  found  Van  Soest's 
methods  (1964)  of  detergent  analysis  to  be  the  best  predictor  of 
digestibility  in  forages  for  horses  (the  inadequacy  of  crude  fiber 
as  a forage  measure  was  discussed  under  "plant  material"  above). 


Olsson  (1940)  conducted  the  most  extensive  review  of  the  literature 
on  digestion  trials  of  horses.  He  determi.ned  the  following 
relationship  between  the  digestion  coefficient  of  organic  matter 
(y)  and  crude  fiber  as  percent  of  dry  matter  (x) : 

y = 99.71  - 3.Q66X  + .C679x^  - .00055x^,  n = 1094. 


A depression  of  digestion  coefficients  with  t.he  increase  in 
the  fibrous  fraction  of  forages  is  hardly  unexpected  nor  confined 
to  equids  (3aumgardt  1970).  However  substantial  evidence  exists 
to  indicate  that  ruminants  show  declines  i.n  digestion  coefficients 
that  are  not  as  rapid  as  equids  with  increasing  call  wall.  Higher 
digestibilities  for  cattle  than  horses  have  been  widely  recorded 
(.Axelsson  1949  , Hintz  1959  , 3arsaul  and  Talapatra  1970  , 'Zander 
Noot  and  Gilbreath  1970,  Geyer  1974).  Several  studies  have 
measured  the  digestibility  of  chemical  compcne.nts  of  the  forage 
and  found  that  while  equids  can  digest  MFZ  and  often  protein  as 
well  as  ruminants,  they  consistently  show  lower  digestibilities 
for  the  fibrous  fraction  (Axelsscn  1943,  Barsaul  and  Talapatra 
1970,  Vender  )Toot  and  Gilbreath  1970).  Hintz  et  al.  (1973  ) 
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had 


similar  dry-matter  digestz- 


rouna  tnat,  wnzle  ponces  and  sneep 

bilities,  ponies  were  lower  in  the  digestion  of  cell  wall  than 
the  sheep  and  'lew  World  camels.  Since  the  ponies  were  four 
times  heavier  than  the  sheep,  t.he  difference  is  likely  due  to 
body  size.  Camels  and  ponies  were  ide.ntical  i.n  weight. 


In  the  most  extensive  controlled  comparison  of  horses  with  cattle 
(also  sheep  and  swine),  Axelsscn  (1949)  calculated  regression 
equations  of  digestibility  against  crude  fiber  for  each  species 
(N  > 100  for  each  species).  His  equations  are  as  follows: 


horses 


y = 38.2  - 1.23x 


ruminants  y = 37.3 

swine  y = 93.7 


. 3 3x 


5 Ox 


where  y is  digestibility  of  organic 
as  a percentage  of  dry  matter.  The 


matter  and  x is 
regressions ' for 


crude  fiber 
horses  and 
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clotted 


are  plotted  with  Olsson's 
Since  the  real  data  are 
as  points,  it  is  difficult 


(194. 9)  regression  equation  in 
not  given  in  either  paper,  no 
to  determine  if  the  different 


s 


in  tne  norse  curves  are  due  to  regre  sion  techniques.  Intuitively 
one  would  expect  the  differences  between  horse  and  ruminants  to 
re.main  at  least  constant  (Hints 's  (196  9 ) evaluation  supports  this 
notion)  with  increasing  fiber  content.  However  this  relationship 
is  clearly  one  requiring  further  investigation.  I have  added  an 
addendum  which  addresses  this  problem. 


Horses  show  shorter  retention  times  than  do  cattle  (Tables  25  and  25) 
If  the  caecal  design  aliws  the  escape  of  incompletely  digested 
particles,  this  inefficiency  when  compared  with  the  r'lmen  should 
require  higher  intake  rates  and  faster  passage  rates, (all  other 
factors  being  the  same).  The  data  from  Argenzio  et  al . (1974) 
emphasizes  the  retention  capabilities  of  the  equid  lower  tract. 

The  absence  of  sufficient  particulate  marker -in  the  fecal 
collections  negates  the  ability  to  calculate  particulate  retention 
times  for  these  data.  Linerode  (1965,  ref.  in  Robinson  and  Slade 
1974)  suggests  that  passage  through  the  upper  digestive  tract  may 
be  three  times  faster  in  horses  than  ruminants. 


The  passage  rata  does  not  appear  to  be  affected  by  diet  composition 
(Vender  Moot  et  al.  1957)  although  sample  size  is  stall  in  this 
experi.ment.  High  individual  variability  is  often  the  case  with 
digestion  trials  and  passage  measureme.ats  (Uden  1973  ) and 
determination  of  treatment  differences  would  necessarily  require 
large  sample  sizes.  The  physical  form,  of  foods  (pelleted, 
ground,  chopped,  or  loose)  shewed  no  affect  in  work  by  Welter  et 
al.  (1975)  while  the  same  workers  (1974)  found  that  hay  (normal 
ground,  pelleted)  too.k  37  , 2 5 and  31  hours  respectively  to  transit 
the  gut.  Hae.nlein  et  al.  (1955  ) measured  more  rapid  passage  with 
pelleted  and  wafered  hay  than  loose  hay. 


Fistulation  of  horses  appears 
increase  digestibility  (Pulse 
of  caecal  retention  ti.mes  are 
fiber  digestion  in  the  horse, 
necessary  for  these  determina 
each  experiment. 


to  lengthen  re' 
et  al.  1973) . 
citical  to  the 
the  effect  of 


tension  rines  and 
While  the  i.mportance 
determination  of 
fistulas  and  cannulas 
carefully  measured  in 


Hindgut  fermentation . — The  sequence  of  digestive  enzymes  to 

whic.h  a forage  is  exposed  as  it  transits  the  gut  is  different 
in  the  cow  and  horse  and  has  the  potential  to  supply  different 
quantities  of  nutrients  to  the  herbivore.  Initially  forages  ar 
exposed  to  gastric  enzymes  in  the  herse  and  microbial  fermentat 
in  the  cow.  The  digestion  of  the  soluble  carbohydrates  and  pro 
is  almost  complete  i.n  the  horse  (Ponnesbeck  195  3 , Roberts  1973a 
.Although  some  cell  contents  may  escape  to  the  lower  tract  when 
diets  consist  of  large  quantities  of  concentrates  on  a wide  ran 
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of  forage/ concentrate  ratios,  these  nutri 


on 
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Kjj'iu’t;  13,  l)i  geti  t i b i I i I y of  orgdoic  matter  (OM)  ploltefl  against  crude  fiber  (%DM) 
accox'ding  to  i^egress  ions  fxnjm  tiie  literature  (Axelsson  Olsson 

Note  Ihe  corr’cspondence  between  Axelsson 's  I'egi'ess  ions  anti  those  plotted 
fr*om  the  NUC  taltles  (fig.  ).  No  evidence  is  found  of  the  cux'vil  inear 
relat  ioiislii  p suggested  l)y  Olsson  19*1 9. 
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i'quine  Particle  and  Liquid  Mean  Retention  Time  ('ululated  Accordiiqi  to  ('astle 
(1956)  in  lloraes  and  Poniea  (lira.). 


I III  aki! 


Aiil  lior 

It.U. 

(k.|) 

01  ot 

(o/kq  IIV7) 
DM  tW 

OIT 

Vaii*lor  Hoot  ot  al . 

(ililill  t 

(1007) 

440 

a) talfa 

10 

? 

20 

V(o  1 1 i;r  ot  a 1 . 

Ciasnliay : 

MO/4) 

170 

I.OIKJ 

20 

ca . 1 0 

25 

GioumI 

II 

• 1 

1 1 

l*ol  lotod 

•• 

•I 

10 

Uoltoi  ot  al. 

t'oiu:.  i 

( IO/(>) 

200 

(Uound 

20 

ea.  10 

10 

1*0 1 1 ol:o(l 

II 

• 1 

10 

i^xti  iidocl 

II 

I* 

17 

AitjoiiiMti  ot  al. 

■ lay  1 

(1074) 

lOO 

(jra  liu 
l>o  1 1 otod 

7.5 

Moan  1(0 1 out  lull  Time 


m 

Voiiti  a 1 

l)oi  .sa  1 

Caotamil 

IT 

(!a(!cniii  Colon 

Colon 

('(don  Maikois 

30 

( 1 i<jii  id) 

37 

25 

31 

Sta i nod 
part  i (•  1 o!i 

20 

30 

2*) 

SI  a i n(id 
pal  1 ic'l 

4 

31 

30 

70 

CrllDTA 
( 1 jipi  i d) 

281 


Table  26 


Parliculale  and  l.iquiii  Marker  Kelenlion  Time  in  (5TT  (GIT 
(R-K),  Lower  Ti*aot  (LT),  Abomasum  (ABO)  and  Omasum  (OMA) 
Time  (TT)  in  Cattle  (lU's.  ) . 


+ TT)  Rumen -I'eticul urn 
and  Their  Ti-ansit 


■t 


rz 


II*  .IM 

Il4!l  4*iil  loll  TlM«e 

Tl  --.ll  Mrlll 

A V I'l  .i<jo 

<UT 

n II 

Url*|M 

1 Ml  .ll.i: 

1 

1 

turn 

U-ll 

1 1 

IT  II  II  l.'l  Mill  llllA 

1 1 

11.1  1 kill 

til'h*;  1 1 I'MlMtl  i|M| 

iii*^»  i^iiii 

12 

•j2 

It* 

14 

*IM«I  l it:,  lot 

II 1 1 «I‘|U  il|»<l 

*j|il 

2'j 

l.l 

41* 

II 

r*iii<;|iiil  1 . 

1 i 11*1  viM<l 

Ii*iy 

loiH| 

*J 

III 

211 

1 1 fi*i 

•• 

«JI  OMIHI 

•• 

U 

*jO 

111 

2 2 

1 I'M.M 

'* 

|oiK| 

»* 

20 

M 

2*1 

21 

•• 

ijl  niiM.I 

•• 

20 

Ml 

12 

III 

(*>ll  ill  1 

|oM>| 

- 

•J 

11  1 

4 1 

40 

lll  «lllll«l 

•• 

0 

1*/ 

IS 

12 

•• 

«JI  Olliitlt  til  i:«| 

»• 

0 

til 

21 

24 

*' 

l«M|l| 

•• 

111 

2S 

I*! 

|4. 

•* 

4|i  imii.l 

- 

1 1 

i 1 

4t» 

211 

•* 

l|l  IMIMlI  1 III  1 «l 

•* 

20 

(*t 

II 

22 

liiil  1 *-M  OL  rt  1 . 

A 1 1 <1 1 1 li.iy 

I’j/ 

21. 

•II 

(riMi 

oi  1 liiii  <1  tji  . Ii.iy 

“ 

2 1 

111 

1 1 Itl.MM  llfiy 

21 

40 

.ill  Imi.-.imI 

* III  r 

•• 

21 

12 

<1 1 1 1 ■.it.iiil 

1 u 1 

•• 

2 1 

4 1 

4 1 .||  . 

li.iy 

loii'l 

4011 

1 1 

10 

-.il.llll  IMI 

** 

II40..I 

•• 

1 1 

i 1 

It.i^  1 «|i  tt  III 

•• 

1 1 

• il 

ii  1 1 .I'li^ 

« lH•|•|•4.<l 

•• 

II. 

2*1 

n ii  .1.4  1 1 t'*i.i 

li.iv 

1«MI‘| 

10** 

0 

M.  1. 

2 

1 2 

1 1.|mI  M 

1 1 MM| 

2o| 

1*1 

0 1 4 

1 

tl 

It. MUM. Ill  t'l  III 

li  i^/oi  •*  III: 

t 

Itoii 

(i.o/loi 

Mi 

21 

i 

I I r. 

1 10/001 

•• 

III 

1 1 

T".|'|.'.  yl  .<1, 

«'«MI4  IMlI  1 I! 

1 lo 

III 

10 

1 | T|  II) 

Ii.iy 

. Il|..  *l 

1 III 

2 1 

1 

o 


o 


282 


283 


in  the  fcregut  (Hintz  et  al.  13  71)  . In  the  r’jmen  the  soluble 
fraction  is  rapidly  fermented  and  in  a sense,  this  energy  is 
needl^sly  run  through  another  trophic  level  where  the  cost 
of  fermentation  (i.e.  microbial  respiration  and  methane  production) 

therefore,  when  considering  the  soluble  frac- 


mus' 


be  suctractec. 


tion,  the  difference  between  DE  and  ME  (metabolizable  energy)  is 
much  greater  in  the  cow  than  in  the  horse.  This  point  will  be 
considered  more  quantitatively  under  the  intake  section  below. 


The  fibrous  fraction  has  been  largely  digested  when  it  escapes 
the  r’umen;  some  fermentation  does  occur  i.n  the  lower  tract  of 
ruminants.  The  foregut  placeme.nt  of  the  rumen  greatly  enhances 
the  ability  of  the  r’uminants  to  digest  and  absorb  the  microbial 
bodies  (discussed  above  with  reference  to  protein) . When  the 
digesta  leaves  the  stomach  of  the  horse  it  is  composed'  largely 
of  cell  wall  which  is  fermented  i.n  the  hundgut.  The  relative 
i-mportance  of  fermentation  in  the  colon  increases  as  the  concen- 
trate in  the  diet  decreases  (Hintz  et  al.  1971).  Therefore  under 
field  conditions,  as  the  forage  matures,  there  will  be  a shift 
decreasing  the  amcunt  of  energy  being  absorbed  as  glucose  in  the 
small  intestine  (because  the  soluble  fraction  is  decreasing)  and 
increasing  the  energy  derived  from  'JTA  in  the  hindgut.  Since  the 
metabolizable  energy  available  from  glucose  is  greater  than  that 
from  'IT A production,  for  the  reason  stated  above,  the  maturing 
of  forage  causes  a decrease  in  ME  not  apparent  in  DE  values  for 
the  horse.  This  shift  does  not  occur  for  cattle  since  the 


’.'That  are  the  possible  effects  of  the  pretreatment  of  forage 
the  stomach  on  the  efficiency  of  hindrut  fermentation  in  the 
horse? 


in 


(1) 


The  digestion  of  carbohydrates,  protein  and 
decreases  products  required  for  methane  prod' 
lower  tract  of  nonr’ominants  (Maynard  et  al. 
In  a comparison  of  species'  values  from  the 
Calloway  et  al.  (1363)  found  relatively  lowe 
methane  concentrations  in  the  hindgut s of  no. 
(horses,  rats,  and  humans)  than  r’uminants. 
p.  272)  states  that  methane  production  corre 
with  proprionate  prod’ucticn.  Proorionate  pr 
increases  with  the  quantity  of  starch  in  the 
et  al.  manuscript).  Similarly  Mce  and  T’/rre 
shewn  that  met.hane  production  in  the  r’umen  o 
affected  more  by  digestiabla  cellulose  and  h 
than  by  sol’uble  nutrients. 


ucTicn  in  the 
1979,  p.  199). 
Li  tenet  line  y 
r values  of 
nr’uminants 
Hungate  (1956, 
lates  inversely 
oducticn  usuall 
diet  (Stevens 
11  (197  3)  ha’/e 
f cows  is 
emicellulose 


•/ 


(2)  Str’uct'ural  carbohvdrates  ferment  mere  rapidly  when  pretreated 
with  gastric  digestion.  .Although  suggested  by  a number 
of  researchers  (Van  Soest  pers.  comm.  ; 'Jden  1973)  , to  my 
;<r.owledge  no  work  has  addressed  this  problem. 
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(3)  The  absence  of  soluble  carbohydrates  slows  digestion  of 

the  fiber  fraction.  Although  Kern  et  al.  (1373)  have  shown 
"That  the  addition  of  cats  to  forage  increases  the  numbers 
of  bacteria  in  the  caecum  (presumably  by  increasing  the 
amount  of  soluble  carbohydrate  reaching  the  lower  tract)  , 
it  did  not  increase  the  numbers  of  cellulolytic  bacteria 
nor  increase  cellulose  digestion. 

Substantial  evidences  exists  to  support  the  contention  that 
fermentation  processes  and  absorption  in  the  hindgut  are  simi. 
to  the  rumen  (Stevens  et  al.  manuscript,  .“^rgenzio  et  al.  197ia,  19 
However  the  efficiency  of  the  microbial  populations  may  differ. 
.Alexander  (195  3)  suggested  that,  because  cotton  thread  digested 
more  rapidly  in  the  caec’um  of  the  pony  than  the  rumen  of  the 
cow,  cellulolytic  organisms  in  the  pony  were  more  efficient  than 
their  counterparts  in  the  cow.  However  Koller  et  al.  (1973) 
commented  that  cotton  thread  bears  little  resemblance  to  the 
cell  wall  of  forage  plants.  To  examine  the  comparative  digestive 
capabilities  of  cellulolytic  microbes  in  the  pony  and  cow,  Koller 
et  al.  (1973)  compared  forage  digestibilities  using  ^ vitro  and 
nylon  bag  techniques.  Their  results  show  that  r’jminal  bacterial 
digest  the  dry-matter  and  cell-wall  fractions  more  efficiently 
than  do  caecal  bacteria  when  exposure  ti.mes  are  constant.  They 
caution  that  their  experi-mental  procedure  dees  not  resemble 
the  treatment  of  forages  in  the  complete  animal  digestive  system, 
citing  keys  at  al.  (1369,  137G)  who  found  indications  that 
hemicellulose  digestion  in  the  hindgut  may  be  enhanced  by  intesti 
action  on  fiber. 


Evidence  exists  of  differences  in  passage  rates,  forage  quality 
reachi.tg  the  fermentation  site  and  efficiency  of  digestion  withi.t 
the  site  (albeit  often  contradictory) . To  develop  a meaningful 
understanding  of  the  capabilities  of  the  horse  as  a herbivore  wil 
require  a better  understanding  of  the  dynamic  aspects  of 
fermentation  in  the  lower  gut  of  equids . 


Inta.ke . — .Me  single  topic  has  received  as  much  research  attent 

and  yielded  such  equivocal  results  as  intake.  Intake  and  its 
determinants  have  been  principally  studies  with  ruminants  since 
intake  is  an  important  factor  affecting  production  (Reid  1351) . 
This  research  has  been  particularly  interested  in  the  responses 
of  intake  to  dietary  quality.  A number  of  herbivorous  species 
are  capable  of  increasing  intake  in  response  to  diets  of  decreasi 
caloric  density  (rats,  Peterson  and  Baumgardt  1371a,  b;  chickens, 
Hill  and  Dansky  1954;  pigs,  Owen  and  Ridgmen  1953,  sheep,  Dinius 
and  Baumgardt  1970  , Weston  1365  , lambs,  Cwe.n  et  al.  136  7 ; 
cattle,  Montgomery  and  Baumgardt  1355).  But  the  intake  response 
to  compensate  for  lower  caloric  densities  is  li.mited.  Beyond  a 
critical  point , intake  decreases  in  response  to  lower-quality  diet 
(rata,  Peterson  and  Baumgardt  1371a,  b;  pigs,  Owen  and  Ridgman; 
sheep,  Dinius  and  Baumgardt  1370,  Weston  1955,  cattle,  Montgomery 
and  Baumgardt  1365).  The  initial  response  to  decreasing  caloric 
density  has  been  considered  a physiological  response  to  balance 
energy  requirements  while  the  depression  of  intake  beyond  the 
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critical  point  is  interpretated  as  the  litiits  of  gastro-intastinal 
or  r’cr.en  capacity  ( 3autigardt  137Q,  3aila  and  Forbes  197u.). 
point.'-here  intake  compensation  ceases  appears  to  be  sensitive, 
indetendently , to  the  energy  requirements  of  the  animal  and  its 
body" size  (Peterson  and  3aamgardt  1371b,  Gwen  and  Ridgmen  1353). 

The  observation  that  digesta  present  in  the  gut  and  the  rumen 
is  a relatively  oonstant  maximal  value,  regardless  of  forage, 
has  lad  to  the  concept  of  fill  models  in  r’ominant  studies  (31axter 
et  al.  1351,  Compling  et  al.  1961). 

Rumen  fill  modeling  has  become  quite  sophisticated  in  these  20 
years  (c.f.  Zllis  1373  ).  However  t.he  achievement  of  the  unified 
prediotive  model  of  inta.ke  is  still  elusive.  From  the  si.mple 
concent  that  the  r’zmen  volume  li.mits  M inta.ke  (.Adolph  134.7), 
these  models  have  developed  into  formulations  of  the- dynamics  of 
r’zmen  fill.  All  the  processes  likely  to  play  a role  in  influencing 
fill  have  been  implicated  as  detarmi.nants  of  intake  (digestibility, 
Crampton  1357;  passage  rata,  Compling  et  al.‘1952;  particle  break- 
down, V/eston  1955  ; rata  of  disappearance  of  particles  in  the  rumen, 
31axter  et  al.  19  56  ; r’jmen  volume,  Compling  and  3alch  19  51,  Egan 
1972;  volumetric  qualities  of  the  forage,  Van  Soest  1965).  What 
is  cuite  clear  from  this  literature  is  that  intake  is  a response 
to  a complex  sat  of  variables  and  that  the  importance  of  a 
particular  oarametar  in  determing  intake  varies  dependi.ng  on 
the  conditions  of  the  animal,  the  experiment  and  the  forage 
( 3aumgar dt  197  0 . 

No  comoarable  models  nor  similar  research  has  been  conducted  cn 
equids*,  to  my  knowledge.  The  traditional  argument  has  bee.n 
that  nonr’zminants  can  respond  to  a greater  degree  than  ruminants 
by  increasing  intake  cn  low-quality  diets  (3ell  1369  , .Janis  1375  ). 
The  r'uminant  appears  to  be  limited  in  the  rate  at  which  cell 
wall  can  be  broken  down  to  relieve  ru.men  fill.  Welch  and  Smzth 
(1953,  1970  have  found  strong  correlations  (r  = .99,  .9^)  between 
cell-wall  intake  and  r’zmination  time.  Cell-wall  meas'ures  have 
always  shown  strong  correlations  with  intake  (Mertens  1373),  but 
recent  work  has  shown  that  cell-wall  content  and  intake  is  only 
weakly  correlated  with  bulk  volume  (?.  Vander  .Aar,  ’unpubj.zshed 
data).  These  facts  suggest  that  the  cell  wall  of  low-qualzty^ 
forages  may  limit  the  intake  of  ruminants  by  restricting  particle- 
size  reduction  via  rumination  (Demment  and  Van  Soest,  manuscrzpt) . 

Monr’uminants  cannot  compensate  with  intake  for  low-energy  diets 
in  an  unrestricted  response.  In  fact  data  cn  the  rat  (Peterson 
and  3aumgardt  1971b)  show  a critical  point  in  diet  dilution  beyond 
which  compensation  does  not  maintain  constant  energy  intake.  The 
response  curve  looks  similar  to  those  measured  for  r’umznants 
(3aumgardt  1370).  However  the  complication  of  body  size  and 
phys in logical  state  make  it  difficult  to  compare  the  points  at 


which  comoensation  res tense 


terminates  with  those  or  r’aminants 
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The  addendun  ro  this  review  shews  the  relationship  between  TTN 
of  forages  for  cattle  and  horses  and  their  crude-fiber  values 
CtakefT  from  the  MRC  requirements  for  the  two  species).  'fThLle  the 
trends  in  nutrient  availability  are  clear,  they  are  fairly  useless 
in  determining  energy  levels  available  to  an  ani.mal  on  the  range. 

It  is  critical  to  any  prediction  of  intake  or  possible  reproductive 
capacity  to  .know  the  degree  to  which  a species  can  respond  to  low- 
quality  forages  by  increasing  its  intake.  In  the  rat,  lactating 
females  shewed  higher  intakes  on  all  diets  than  .males  even  beyond 
the  critical  ooint.  This  result  shows 


Q 


at  pnysiciogical  states 
can  influence  performance  for  animals  of  approximately  similar 
glut  sizes  (Peterson  and  3a'umgardt  1971b).  This  point  is  especially 
pertinent  when  the  assumed  adaptation  of  nonr’uminants  is  the 
capability  of  large  increases  in  intake  to  compensate  for 
decreasing  nutrient  density  in  its  foods.  Since,  as'discussed 
earlier,  digestibilim/  is  determiend  by  retention  time,  which 
itself  is  a function  of  intake,  calculations  .of  intake  directly 
from  digestibility  values  are  crude.  A focus  of  future  horse 
research  should  involve  the  intake-forage-quality  problem. 

Z.nergy  Recuirements  and  I.ntake  Calculations 


In  only  one  smudy  among  the  recent  work  on  the  energy  requirements 
of  horses  have  measures  been  made  i.ndependent  of  energy  intake. 

The  one  exception  is  Wooden  et  al.  (1971)  where  heat  production 
was  calculated,  but  discarded  due  to  disagreement  with  Kleiber's 
(1973)  formulation.  Results  from  the  .MRC  ( 1973  ),  Stillion  and 
Melson  (1972),  and  Wolfram  at  al.  1977  are  all  based  on  DE  values 
which  are  .not  indicators  of  ME  since  equations  for  this  conversion 
are  not  available  in  the  literature.  Wooden  et  al.  (1970)  used 
the  ME  values  for  cattle  which  are  most  Ukaly  vecq/  crude  approxi- 
mations. Although  .75  exponent  of  body  weight  is  widely  cited, 
it  is  not  documented  for  horses.  Thonney  et  al.  (1975)  has  shown 
that  metabolism  is  often  a function  of  exponencs  signif icantly 
different  from  175  power  of  body  weight  wichin  a species. 

These  comments  aside,  the  MRC  (1973)  recommendation  for  maintenance 
is 

DS  (kcal/day)  = 13  3 

where  W is  weight  in  kg.  This  value  is  considerably  higher  than 
Knox  et  al.  (1970)  have  suggested  (lliJ-  kcal  CE/Wi^.- • ' ^ /day ) , or 
Hoffman  et  al.  (1967)  adoveated  (112-123  kcal  CE/W].-,’ '^-/day)  . 


O 


— — 

Cn  the  other^band,  Wolfram  et  al.  (1977)  measured  values 


or  _ / 3 


kcal  DE/WW^y • ' ^/day , substantially  greater  than  the  MRC  requirement. 
These  dif rtrences , however  discomforting,  are  likely  to  be  of 
minor” imeert an ce  in  the  face  of  estimating  the  energv  recuiremenc 
of  exercise  from  qualitative  data  (e.g.  Hintz  et  al.  1971). 

.Maintenance  mecabolism  for  mature  bulls  (calculated  by  regression 
of  MRC  data,  1975  is  IE  (kcal/day)  = 194.7  W-^=.  In  a comparison 
of  300  kg  animals,  a horse  would  require  15.4  (Mcal/day)  and  camtle 
20.5  (Mcal/day)  at  maintenance.  The  4.2  (Mcal/day)  or  20.4% 
difference  in  IE  is  oresumablv  fermentation  losses.  For  cattle 
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ME  as  a percen~age 
digestibility,  to  33% 


XZ  CMcal/;<g  lid) 


; of  IE 

vari 

as  linerarl 

3 3%  at 

30% 

digestibili 

M 3 _ 

'i  . / > 

1.31  IE  (M 

Ice  and 

ell,  1975) 

It  is  useful  to  combine  this  information  with  data  on  forages  to 
be  able  to  predict  intake  for  a particular  animal  on  a given 
forage  cuality.  To  do  this  I have  plotted  a linear  regression 
of  TEN  (%DM)  against  crude  fiber  (%DM)  from  data  in  the  MRC 
(1973,  1375)  requirements  for  horses  and  cattle  (see  addendum 
and  rig.  1'^  ).  These  equations  have  the  form; 


= f - dC^ 


where  T^xj  is  TIM  (%DM),  f is  90.0  for  cattle,  91.0  for  horses, 
d is  1.323  for  cattle,  1.27  for  horses  and  Cf  is  crude  fiber 
(%DM).  Since  = K Tq\i  (NRC  1373)  where  Dr'is  IE  (Mcal/kg  DM), 

K is  4.U.Q9  and  ?.E  can  be  expressed  by  equation  of  Mce  and  Tyrrell 
(1375  ) for  cattle  and  for  horses  (ME  = IE),  and  .M-  = aw-^5  where 
Mq  is  total  ME  rec^uirement  ( Meal/ day/ animal ) , then  macntenance 
intake  for  animals  of  different  weights  can  be  derived  by  substi- 
tution ; 

where  I is  intake  (kg  DM/ day /animal) . 3y  substitution, 

(Cattle) 


- aw 


. / 3 


5 + ( c .<  if  - d C - ) } 

where  b is  —.^3  and  c is  1.01  (i.e.  , constants  rrem  tne  Moe  and 
Tyrrell  equation),  and 


I = aw 


. / 3 


1<  (f  - d 


1-3 


The  values 

0 ^ 

intake 

calculated  from 

in  Fig . 15 

for 

horses 

and  cattle  of  di 

for  horses 

is 

censis 

tently  lower  than 

low  crude 

fiber.  As 

this  fiber  fract 

cattle  i.nt 

ake 

levels 

and  then  exceed 

(Horses ) 


it  ions  are  presented 
iights.  Intake 
.a  cn  diets  of 
Lses , horses  approac 


This  carrer’n 


.r.is  cacuern  reflects  the  loss  of  IE  to  fermentation  in  t.ta  cow 
dominating  the  lower  overall  IE  values _ for  horses.  As  the_  fiber 
— o n 'ncreases  the  deoression  in  digestibility  in  -ne  nerse 
eventaully  exceeds  the  fermentation  losses  in  catt_e. 


o 


riyiir'e  1 *1  . Data  from  the  NHC  ( 1973  , 1976)  for  TON  of  plant;  foods  for  cattle  and 
lioi’sea  r'et^r'cssed  a(>ainst  er'ude  fil>er.  Tliese  data  sets  suggest  a 
lineal'  re  1 a 1 ionslii  p tor  hotli  species.  Horses  show  progressively 
lower  THN  with  increasing  fihei-  content  than  cattle. 


2S8 


AKE  (kg  DM/DAY/AN  IMA! 


ore 


rij'urt*  11).  I^poil  i ct  i onu  of  intaRe  for  cattle  and  horses  plotted  as  a function  of 
ci'ude  fiber.  Intake  values  are  generated  from  equations  in  the  text. 
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Since  no  estinace  of  fermen-cation  losses  in  the  horse  have  been 
nade  by  the  NHC  C1973)  (i.e.  ME  = S£) , the  equation  for  horse 
shoultl  be  used,  along  with  these  comparisons,  with  caution.  It 
would  seem  highly  ’unlikely  that  caecal  microbes  do  not  respire 
or  prod’uce  seme  nonmetabolizable  byproducts. 


.■\ddendam 

I was  unable  to  complete  this  analysis  in  time  to  include  the 
results  in  the  appropriate  position  within  the  text  (under  Digestive 
Capacity  of  Equids).  These  data  are  values  from  the  NRC  (1973, 

1975)  for  TEN  (%  DM)  as  a function  of  crude  fiber  (%  DM).  These 
regressions  show  a linear  response,  very  si.milar  (especially  for 
the  horse)  to  those  measured  by  .Axelsson  (1949).  There  is  no 
indication  of  the  curvilinear  response  reported  by  Olsson  (1949). 
These  data  show  that  the  TDM  in  forages  decreases  more  rapidly 
for  horses  than  cattle.  The  equations  presented  here  are 
incorporated  with  others  relating  TDN , DE  and  ME  to  predict  intake 
of  the  two  species  (see  Energy  requirements  and  intake  calculations). 
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Gerald  ?.  Gifford  and  Everett  Springer 
Watershed  Science  Unit,  College  of  Natural  Resources, 
Utah  State  University,  Logan 


A.dazis  , _S.  M. 
a review. 


iS-j.  oneep  anc  oatt.e  grazz.ng  in.rorests: 


Damage  to  trees  by  grazing  ani.tals  and  prevention  of 
da.tiage  by  fe.ncing  or  use  of  unpalatable  species;  effects 
of  grazing  on  forest  soils,  including  compaction  and 
loss  of  nutrients;  grazing  as  a tool  in  forest  management, 
and  management  practices  favoring  forest  grazing, 
including  fertilizer  usage  and  stocking  rates,  are 
discussed . 


Alderfer,  R.  3.  and  R.  R.  Robinson.  1 = 1^7.  Runoff  from 
pastures  in  relation  to  grazi.ng  intensity  and 
compactio.n.  J.  Ajzer.  Soc.  .-.zron.  3 3 : 3<j-3  - 9 5 5 . 
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.A  type  F rainfall  si.mulator  was  employed  i.t  this  study. 
Runs  were  for  1 hour  with  l.»  inches  of  water  apolied. 
Generally  the  greatest  amount  of  ru.noff  ca.me  from  the 


was  assocza' 


neavzest  grazed  plots.  Heavy  grazi, 

with  low  soil  cover,  high  bulk  density,  and  low  porosity. 

laver . 


Comoaction  was  confi.ned  to  the  3-1 
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'.  19  61a.  Ground-cover  changes  in 

run-off  and  erosion  i.n  west-central  Mew  Mexico 
Serv.  Res.  Rot.  RH-3-:  u . 
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— n j.9o2  a cooperative  study  on  three  San  Luis  Exoeri.mental 


was  .not  ac.nzeved  until  19  5 3 . The  periods  19  5 2-5  3 and 
L-59-52  have  been  exami.ned  to  determine  t.ne  effect  this 
different  grazing  years  had  on  3edi.mant,  surface  r-un  of; 
and  ground  cover. 


-.n  t.nree  years  average  ground  cover,  measured  bv  three 
•<ay  grass  species,  doubled  fro.m  3 to  5s  up  to  5 to  12s. 
3are  ground  also  decreased.  Sedi.ment  troduction  decreased 
between  0.2  and  0.7  acre- foot  per  year  on  the  watersheds. 
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Wildlife  conflicts  in  riparian  tianazeir.ent : 


In  I.tportanoe , Preservation  and  .Managerr.ent  of 
Ritarian  Haoitat — Symoosim.  “or.  Serv.  Sen.  Tech.  Rot. 
R21-4  3:  ^9-51. 


varazing  nas  a negative  i.t.pact  on  riparian  tones  which 
constitute  a small  but  i.T.pcrtant  ra.nge  resource. 
Protection  of  the  riparian  zone  where  fencing  is  an 
established  use  can  only  be  effectively  achieved  through 
fencing. 

Sailey , R.  W.  1943.  Determining  trend  of  range-watershed 
conditions  essential  to  success  in  manaseme.nt.  J.  “or. 
43:733-737. 
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.Accurate  determination  of  the  condition  and  trend  of  the 
plant  cover  and  soil  mantle,  site  by  site,  is  considered 
the  Aey  to  satisfactory  ra.nge-watershed  management. 

Many  unsatisfactory  range-watershed  situations  are 
attributed  largely  to  an  i.nadecyuate  understandi.ng  of 
condition  and  trend,  includi.ng  a tendency  to  rely  upon 


3ing_e-ractor  incices  ratner 


jnsioer  a__ 


observable  site  factors.  .As  a solution,  the  author 
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use  of  range  condition  and  trend  in  surveys  and  inspections, 
and  higher  professional 
managers . 
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of  accelerated  erosion  on  silting  i.n  Mcrana  Reservoir, 

San  Diego,  County,  California.  l'.3.D..A.  Tech.  3ull.  Mo. 
539:  22  t. 
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The  kinds  and  locations  of  sedime.nt  in  Morena  Reservoir 
are  described,  and  it  is  shewn  that  the  reservoir  had 
lost  13.5  percent  of  its  useful  storage  capacity  through 
3edi.t.entation  i.n  the  25.7  years  si.nce  its  construettion . 
Physical  and  vegetation  features  of  the  watershed  are 
described.  The  severe  slope  erosion  and  valley  trenching 
that  characterize  the  watershed  area  are  retorted  to 
be  the  result  of  overgrazing  and  burning. 
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and  soil  losses  from  closely  grazed  fescue, 
i.n  grass  manage.ment  for  the  Sc 
a.nd  Water  Conserv.  2 7 : 15  3-17  3. 
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3i.TiUia“ed  stctt.s  cf  5.3  ar.c  «•.  23-in 


2-.nour  durarion 


were  applied  ro  a ^A-year  old  rail-fescue  pasrure  which 
was  clcse-graoed  all  year  round.  Runoff,  soil  loss  and 
an  erosion  index  are  reprored  for  each  evenr.  Icmpuraticns 
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piiig  or  rne  sire. 

. IGi^S.  How  r.any  head?  '•/es" 


Discusses  rhe  effeers  of  rhe  degree  of  grazing  on  rhe 
forage  and  soil. 

13.  oranson,  ?.  .A.,  R.  F.  .Miller,  and  I.  3.  McQueen.  196  2 . Effec 
of  conrour  furrowing,  grazi.ng  inrensiries  and  soils  on 
infilrrarion  rares,  soil  aoisrure  and  vegerarion  near  Forr 
Peck,  Monrana.  J.  Range  Manage.  15:131-153. 

Conrour  furrowing  was  applied  ro  slic.k  and  se.Tii-slick 
soils  wirh  rhree  grazing  inrensiries.  Infilrrarion  rares 
were  grearer  on  se.ni-slick  soil  rhan  .slic.k  and  decreased 
wirh  grazing  inrensiry. 
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."-i.anr  cover,  runorr, 
on  Mancos  Shale  in 
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Relarionships  oerween  vegerarion  and  hydrologic  neasure- 
.nenrs  for  17  warersheds  near  Grand  Juncrion,  Colorado, 
were  sub jeered  rc  correlarion  analyses.  Six  years  of 
vegerarion  Tieasureirenrs , four  vegerarion  neasuremenr 
nerhods , a.nd  15  years  of  hydrologic  records  were  used 
in  rhe  analyses.  Highly  significanr  correlarion 
ccefficienrs  were  found  for  perce.nr  bare  soil  and  runoff, 
bur  rhe  relarionships  were  found  for  percenr  bare  soil 
and  runoff,  bur  rhe  relarionships  berwee.n  bare  soil  and 
sadi.nenr  yields  were  nor  srarisrically  significanr. 
Geoncrphic  para-r.erers  such  as  angle  of  juncrion,  near, 
slope,  drai.nage  densiry,  relief  rario,  lengrh-widrh 
rario,  and  warershed  area  were  T.cre  highly  correlared 
wirh  sedizienr  yields  rhan  wirh  runoff.  Correlarion 
coefficienrs  for  spring  vegerarion  neasuremenrs  a.nd 
runoff  were  higher  rhan  for  aurunn  neasurer.enrs . Firsr 
contacr  nerhods  and  srep  poinr  vegerarion  T.easure.T.enr 
nerhods  were  superior  ro  rhe  loop  nerhod  and  rhe  all 
conraers  poinr  oierhod.  Curves  for  rhe  relarionshio  cf 
runoff  ro  bare  soil  were  srri.kingly  oifferenr  for 
rhree  sers  of  warersheds  fror.  differenr  orecioirarion 
zones.  3are  soil  .neasuremenrs  nay  provide  rapid  and 
inexpensive  esri.nares  of  runoff  for  warersheds  si.r.ilar 
ro  rhe  ones  srudied. 
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The  various  riparian  corjnuniries  occurring  in  Ariccna 
and  the  southwest  are  described  and  their  biotic 
importance  discussed.  Reconmendations  are  made  concerning 
the  management  of  strea.mside  environ.ments  and  their 
watersheds.  These  inolude  recommendations  pertaining 
~ to  the  classification  and  inventory  of  riparian  habitats; 
the  establishment  of  study  areas;  the  regulation  and 
elimination  of  livestock  grazing;  the  greater  cc.nsideratio: 
of  streams ide  vegetation  in  authorizi.ng  water  m.anage.m.ent 
projects;  and  the  more  conservative  use  of  our  watersheds. 


Brown,  H.  E. , M.  3.  Baker,  Jr., 


w • ^ < 


:gers,  W.  ?.  Clary, 


J.  L.  Kovner,  T.  R.  Larson,  C.  C.  .Avery,  and  R.  u.  uampce.l. 
1374.  Opportunities  for  increasing  water  yields  and 
other  multiple  use  values  on  ponderosa  pine  forest  lands, 
“or.  Ser.  Res.  Rater  RM-219:  35  o. 


Multiple 

use  productivity  is 

des 

cribed,  with 

s pe 

e.mohasis 

on  the  Beaver  Creek 

Pil 

ct  watershed 

nea 

“lagstaf 

f,  Arizona.  Changes 

— « 4 

productivity 

and 

environme.ntal  quality  are  described  following  livestock 
grazing  and  various  levels  of  forest  thinning  and 


cuearznr , 


— — iT.i.nii'v  ini— 


user  to  estimate  the  tradeoffs  in  producti 
mental  quality. 


procedures  allow  the 

and  environ- 


Bryan,  K.  19-0.  Erosion  in  th; 
New  .Mexico  Cuart.  10:227-2  3 2 


valleys  of  the  southwest. 


ijiscusses  oroo-a.ms  or  arrcvo  cuttin; 


t.ne  SOU' 


.■s;  .. 


;u 


— 'crisns  nivs  — sin  iz 


na  cezcsztzcn. 


—.9  9.  — — — 


United  States.  Point: 
least  3 alternating  periocs  or 
The  last  period  of  oha.nnel  cu-; 
active,  began  since  13S0.  .Attributes  arrcyo  cutting 
to  mainly  fluctuations  in  cli.mate  and  states 
over-grazing  is  merely  a trigger  force  which 
the  most  recant  event  of  arrcvo  cutting. 


t.nat 


-0 


Bryant,  H.  T. , R.  E.  Blaser,  and  J.  R.  Peterson. 


:piZng  oy  cattle 


compaction  of  a headowville  loam.  .Agron 


1972  . 

vceld  and  soil 
. 5^: 331-33-. 


Increasing  experi.mental  tra.mpling  pressures  (corresponding 
to  0,  SO,  and  120  cow  trips  repeated  four  ti.mes  during 
the  season)  resulted  in  increased  penetrom.eter  resisma-ice 
and  the  occurrence  of  maxi.m.’um  resistance  nearer  to 
the  soil  surface.  Neither  of  these  factors  was  affected 
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Buckhcuse , 


L-  • d.ric 


3-  Cc_th.2.rp.  197  5.  Soil  .Tiois'turs 


■ responses  to  severe,  ieve^s  or  roj.iage  removal  on  two 


utan  ranges. 


Range  .Manage.  29:313-315. 


Q 


- Aange  piant  Ciippang  studies  were  conducted  at  two 
elevations  on  Utah's  Wasatch  Plateau  during  1955 
and  196  7.  It  was  found  that  extreme  clippi.ng  treatments 
(complete  denudation)  resulted  i.n  significantly  less 
soil  moisture  withdrawal  than  the  undipped  controls 
at  the  mid-elevation  location.  .Mo  significant  differences 
were  found  a.mong  clipping  treatments  at  the  suialpine 
location,  however. 


1 T 


3uc.khouse , J.  C.  a.nd  G.  F.  Gifford, 
implications  of  cattle 
in  southeastern  Utah. 


Water  quality 


1975  . 

razi.ng  on  a semiarid  watershed 
. Range  Ma.nage . 2 9 : 1 39-11 3 . 


During  1973  and  1974  wildland  water  quality  analyses 
were  perform.ed  on  a semiarid,  chai.ned  and  seeded, 
pinycn- j 'uniper  site  in  southeastern  Utah.  The  area 
was  treated  in  1967  and  protected  from  grazing  until 
1974.  In  1974  livestock  grazing  was  introduced  and 
investigations  continued  to  determi.ne  if  any  deleterious 
land  use  affects  were  present  from  fecal  contamination 
by  cattle.  Mo  significant  changes  were  noted  in  fecal 
and  total  colifcrmi  production  (fecal  pollution  bacterial 
indicators)  from  grazing  use.  There  is  an  ele.ment  of 
risk  involved  whenever  data  generated  from  a small 
area  are  projected  to  larger  land  areas.  However,  it 
appears  that  this  level  of  livestock  grazing  (2  hg/.VU.M) 
did  .not  constitute  a public  health  hazard  i.n  terms  of 
72cal  pollution  indicators  on  the  semiarid  watershed. 


O 


aur.<e,  W.,  J.  Ga 


Salvin,  a.nd  1.  Galvin. 


. ; c 


I .sasursiTiSriT  zz 


strucfure  stability  of  pasture  soils.  Trans.  3th  Int. 
Congr.  Soil  Sci.  1954,  2:531-535. 

Various  moisture  values,  the  .-\tterberg  li.T.its  and 
undrai.ned  shear  strengths  at  saturation  a.nd  at  pF  =2 
were  ceterm.ined  for  six  soils  known  to  be  subject  to 
treading  damage.  The  resulting  classif icatio.n  of 
soils  accordi.ng  to  their  resistance  to  treadi.ng  da.mage 
agreed  with  practical  axoerier.ee. 


conditions  anc 


3uttery,  R.  F.  19  55  . .Rang 

from  winter  concentrations  of  elk  i.n  Rocky  Mountain 
)Iaticnal  Park,  Colorado.  J.  .Ranze  .Ma.nage.  9:1-3. 


3 resu_ting 


Reports  ra.nge  conditions  and  trends  i.n  condition 
observed  by  the  line-interoeot  and  Parker  thr' 
ZIBZZ.CCS  cr.  2.rs2.3  zf  wLt/ 


* 5 , :sp 

' >-•  3 — a 
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■ and 


. R. 


Range  T.anager.ent  in 


1.ZS  ecc-cgaea.  ::asa3 : 


ne  cnaparraa  *ype 
he  status  of  our  Rnowisdge. 


For.  Ser.  Res.  Rater  RM-155:  3C  o. 


~ Chaparral  i.t  Arizona  is  used  far  below  its 

Conversion  to  grass  can  greatly  increase  water  and 
grass  production,  and  iziprove  wildlife  habitat, 
-hanagenent  options  include  conversion  to  grass,  main- 
taining shrubs  in  a sprout  stage,  changing  shrub 


ccmposution , reseeaing,  anc  using 
shrub  f erase. 


;cats  to  .carve SI 


Cable,  D.  R.  and  S.  C.  Martin.  1373.  Vegetation  restonses 
to  grazing,  rainfall,  site  condition,  and  mescyuite 


control  on  se-miceser- 
R.M-1^3:  24  0. 


■er.  Res.  Rater 


Cver  a 10-year  period,  mescuite  co.ntrcl  increases 
perennial  grass  production  5 2 percent-.  Rerennial  gras; 
production  was  highly  dependent  on  both  the  previous 
and  current  suzimer's  rainfall,  indicating  2 years  are 
required  for  recovery  fre.m  a 1-year  drought.  Stocki.ng 
rates  could  be  estimated  as  accurately  from,  rainfall 
as  from,  grass  troducticn. 


o 


Campbell,  A.  Z.  1955.  Effects  of  treadinz  by  dairy  cows 
cn  pasture  productio.n  a.nd  botanioal  structure  on  a Ce 
Kewhai  soil.  N.Z.  J.  Agric.  Res 


he  ertect  or  tasture  dr*/  m.at ter  CC.M.  ) o*'*'oduc'"*on  — *^d 
composition  of  treadi.ng  by  dairy  cows  while 


grazi.ng  autumn-saved  tasture  i.n  late 


ir  was  exa.T.inec 


— var  tnree  vears. 


..te  3ij.ty  Cj.a.y  soil  was  close  to 


tteld  capacity  when  trodde.n.  levels  of  treadi.ng  in 
these  ways  were  compared  with  controls  fro.m  which  the 
grass  was  cut  and  re.mcved  or  cut  and  returned  to  the 
plots  at  the  same  tim.e  as  the  treadi.ng  treatm.e.nts  were 
i.mDosed. 


-.ne  affects  of  heavy  treadi.ng  on  C.M.  production  were 


great  in  any  year 


, i.i 


was  there  anv  evidence  or 


cu-tiulative  effects  when  pastures  were  trodden  for 
three  years  i.n  successio.n.  Differences  betwee.n  years 
in  D..M.  production  and  bota.nical  ccm.pcsition  were  .much 
greater  tha.n  those  caused  by  treatm.ent  affects  within 
vears . 


G 


It  is  concluded  that  for  this  soil  type  a single  teriod 
severe  treading  when  grazing  off  aufi-mn-saved  oastur* 
i.n  late  winter  will  have  little  effect  on  ani.mal  prod- 
'oction  from  such  pastures  unless  utilization  of  the 
pasture  is  sc  high  that  the  sm.all  tasture  troducticn 
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Chandler,  R. 


13^0 


.ne  inrluence  or  grazing  upon 


certain  soil  and  cli.natic  conditions  in  farm  woodlands. 
.\mer.  See.  .Agron.  31:215-23Q 


Q 


Eighteen  paired  grazed  and  ungrazed  woodlands  in  ^^ew 
York:  were  compared.  Results  indicated  taht  grazed 
sites  had  lower  organic  matter,  higher  bulk  density, 
lower  moisture  content,  and  higher  surface  soil 
temoaratures . 


24.  Chapm.an,  H.  H.  133  3 . Influence  cf  overgrazing 
and  watersheds.  Civil  Enz.  3:74-73. 


* r> 


rosicn 


Points  out  that  too  little  control  of  grazing  and  of 
other  age.ncies  harmful  to  the  .nafural  cover  is  a cause 
cf  flood  damage  and  the  rapid  increase  i.n  ero.sio.n  in 
the  Intermcuntain  region  cf  the  Ynited  States.  'iotas 
that  engineering  works  alone  cannot  prevent  erosion 
damage  a.nd  restore  the  protection  given  by  nature. 
Cites  examples  of  destructive  erosion  and  gullying. 
Suggest  an  intensive  scientific  study  of  the  causes 
of  erosion  so  as  to  determi.ne  control  measures. 


Cnic.nester , 


, R.  W.  Va.n  Kuren,  and 


. .YcGuinnes: 


/ 3 . 


Hydrology  a.nd  chemical  quality  of  flew  from  small 


oastured  watersheds. 
Cual.  3:157-171. 


Chemical  cualitv. 


*V  wll  • 


.4.  beef  cattle-pas turi.ng  system  involving  four  rotational 
grazed  summer  pastures  with  wi.nter-f eeding  on  one 


ly 


o 


3_oocng  uo_anc  watersnecs  an 


pasture  was  studied  on 
Ohio  to  determine  its  effect  on  che.mical  quality  of 
water.  The  concentrations  of  chemicals  i.n  runoff  from 
t.he  pastures,  which  were  su.mmar- grazed  only,  increased 
relative  to  that  of  inccmi.ng  precipitation  but  net 
e.ncught  to  signif ica.ntly  impair  water  quality.  Mo 


measurable  sedi.ment  was  lost  from 


pasture  usee  cn_y 


tor  summer  grazc.ng,  a__owi.ng  no  c.nemccau  mcvem.ent  vea 


mat  pat.nway. 

t 


Much  soil  and  plant-cover  disturbance 
:n  t.ne  pasture  used  for  winter- feedi.ng , however, 
resulted  in  i.ncreased  runoff,  seme  surface  erosio.n,  and 
more  chemical  moveme.nt  as  compared  with  the  pastures 
grazed  only  i.n  summer.  Considerably  more  chemicals 
moved  i.n  subsurface  than  in  surface  flow  from  the 
summer  pastures  while  a.meunts  cf  chemicals  transported 
from  the  winter- feedi.ng  pasture  were  equally  as  great 


surrace  runerr  anc  sucsurrace  t_ow 


Watershed 


surface  management  was  a key  factor  i.n  determining  the 
flow  route  of  water  in  excess  of  that  used  for  evaoc- 
transpiration  and,  hence,  t.he  pathways  and  a.mcunts  of 
chemical  transoert  from  the  tastures . 
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Runoff  front  a oastured  watershed  in 


Louisiana.  Louisiana  Agr.  Ext.  Sta.  Bull.  Mo.  739 


0 . 


Data  for  the  period  1355-53 
to  descrihe  rai.nf all-runoff 
oastured  watershed. 


ts  presentee  a.nc  ana_yzed 
relationships  for  a 5C-acre, 


27.  Clary,  W 


c 


30 


u3.'3.  nange  managenent  and  its  ecological 


basis  1.1  the  ponderosa  pine  type  of  Arizona:  The  status 

of  our  knowledge.  For.  Ser.  Res.  Pap.  RM-153:  35  p. 

Sunmarizes  and  evaluates  available  i.nfortiation  about 
Arizona  penderesa  pine-bunchgrass  ra.nges.  It  covers 
physical-biological  characteristics,  factors  influencing 
livestoc.k  production,  grazing  allotment  conditions, 
and  econcniics , and  correlates  grazing  with  other  uses. 
Several  knowledge  gaps  are  also  identified. 

23.  Cleztm,  D.  L.  1977.  Survival  of  bovine  enteric  bacteria 


1.1  tores t strea.ms  and  ani.mal  wastes.  h.S 
k'ashi.igton  Univ.  , k'enatchee.  Wash.:  13  p. 


hesis,  Central 


in  teca_  materia. 


This  study  was  designed  to  determine 
capacity  of  fecal  indicator  bacteria 
and  forest  streams  in  central  Washi.igtcn. 

Results  indicated  taht  fecal  coliforms  and  streptococci 
ca.i  survive  for  four  to  five  weeks  i.i  strea.ms  and  over 
a year  i.i  fecal  material. 

iolborg,  .A.  E.  1972.  Soil  compaction  effects  of  livestock 
grazing  on  a crested  wheatgrass  seeding  in  southern  Idaho. 


n.i.  t.iesis 


;niv.  c: 


'dahe , Moscow,  _dahc:  3u  p 


Wlt.'l 


Grazing  did  .lot  i.icrease  soil  compaction  to  a great 
extent,  rather  the  opposite  was  frequently  observed 
pulverizi.ig  action  of  hooves,  locseni.ig  the  soil 
surface.  Infiltration  rates  were  reduced,  but  not 
enough  to  require  corrective  measures . 

Cottam,  W.  ?.  and  G.  Stewart.  IS^J'O.  Plant  succession  as  a 
result  of  grazing  and  of  meadow  dissication  by  erosion 


since  settle.ment  in  135  2 . 


'.  J 3 : 3.3-0  43  . 


o 


Ecological  changes  i.i  the  vegetatic.i  of  mcuntai.i  meadow- 
lands  in  the  West  have  recently  attracted  much  attention 
as  a phase  of  the  erosio.i  prcble.m.  Ordinarily,  too 
little  information  regarding  the  specific  history  of 
these  changes  is  available  to  permit  accurate  analysis. 
The  history  of  the  case  treated  in  the  followi.ig  paper 
is,  however,  unusually  well  known.  Mountai.i  meadows  in 
scut.iwestarn  Utah  is  a soot  of  much  local  historioal 


« 
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.nvasicn 


IS  s vz 


sagebrush  and  grassla.ids  by  ju; 
change  of  major  conseque.ice  fr^ 
rangeworkers  a.id  foresters. 
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Cofra.'n,  '.V.  ?.  ar.c  R 
cf  rha  vegaTaticn  o: 
rhe  >/asaT:ch  Range,  I 


Zvans . 1343.  A ccmpararive  srudy 
the  gratae  ar.c  ur.grazed  canyons  of 
:a.t.  Zcol.  26:1"’1-131. 

canyons,  one  of  which  has  bean 


Q 


(hale  the  other  has  been 


~ A study  of  two  adjacent 
crotactad  for  43  years, 
heavily  graced  for  IGG  years,  showed  the  danger  of 
cotiDlete  extermination  of  palatable  species  cf  grass 
and  shrubs  through  over-grazing.  Some  highly  palatable 
shrubs  have  a density  in  the  grazed  canyon  of  less 
than  cne-third  that  in  the  ungrazed,  while  shrubs  of 
low  palatability  have  a density  13  times  as  great  as 
in  the  ungrazed  canyon,  and  advanced  gully  erosion  is 
common  along  a sheep  trail. 

C w u p land , R.  •*)  3X0glund,  and  . j.  neard.  _ »9o0. 

Hlffects  cf  grazing  in  the  Canadian  Mixed  Rrairie.  In 
Rroc.  3th  International  Crassland  Cengr. : 212-215. 

Principal  effects  of  grazi.ng  on  3 natural  pastures  and 
adjoining  cli.max  vegetation  were  a decrease  in  mid- 
grasses, increases  in  low-growing  grasses  and  sedges, 
decreased  cover,  reduction  in  mulch,  decrease  in 
infiltration  rate  on  fine  textured  soils , and  some 
reduced  root  production. 

CraddocJc,  C.  W.  and  C.  K.  Rearse.  1333.  Surface  run-off 
and  erosion  on  granitic  mcuntai.n  soils  of  Idaho  as 
influences  by  range  cover,  soil  disturbance,  sloce,  and 
precipitation  intensity.  I’.S.I.A.  Giro.  lie.  432':  21  p. 

Results  indicated  the  superiority  cf  wheatgrass  in 
controlling  erosion  and  runoff.  Calls  for  mainte.na.nce 
or  wneat grass  ranges  in  order  to  meet  both  ranze 
management  and  watershed  oroteotion  ob-ectivesT 


O 


Creft,  A.  R.,  L.  Woodward,  and  I.  .A.  .Anderson. 


_ s - j . 


..easuremer.' 
^ and . " . ' 


'cr . 


acce_eratec  eroscen  on  ra.nze-watershed 
41:112-115. 


Soil  losses,  physical  and  che.mical  changes  caused  by 
accelerated  erosion  are  greatest  on  watersheds  where 
grazing  has  been  heaviest  and  smallest  on  lightlv  grazed 
sites. 

Results  suggest  that  grazing  ma.nage.ment  must  not  only 

ante  account  forage  management,  but  also  the  effects 
may  have  on  the  soil.  Cisturbance  can  be  either 
through  mecnanccal  action  or  cover  removal. 


,ro; 


R . an 


anc  u.  i.iason 


C/“*  ^ 


//aTarsr.ec  and  rar.re 


Sag  ja.me  Ridge  and  vicinity,  letcn  Matic.nal 


r crest  aervace,  ^geen,  wta: 
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Discusses  causes  of  accelerated  erosion  and  deterioration 
of  vegetation  (ticstly  suoalpine  with  some  ?inus  f lexilis 
and  Acies  lasiocaroa ) observed  at  ca.  1G,jCG  ft.  alt.  in 
Yellowstone  ?ar.<.  Fire,  livestock  and  pocket  gophers 
contribute  to  the  affects , but  the  prir.ary  cause  is 
the  gracing  and  trampling  of  elk  ( Cervus  canadensis ) . 


•3  s 


v-roucn,  a. 


'otection  from  livestock 


1373 . Effects  of 
grazing  on  a bottomland  wildlife  habitat  in  northeastern 
Colorado.  ^ ?roc.  Lowland  River  and  Stream  habitat  in 
Colorado,  Symp.  Oct.  ^-5,  1373,  Creeley,  Colo.:  115-125. 


Vegetation  on  a bottomland  wildlife  habitat  protected 
from  grazing  for  7 to  25  years  was  compared  to  an 
adTacent  grazed  tract.  Overall  cover  and  height  of 
the  understory  was  about  twice  as  great  on  the.ungrazed 
area  for 

,e  13-year  interval. 


eacn  evaluation,  but  did  .not  change  appreciably 


over 


:rrie,  ?.  0.  and  H. 


jarv . 


1373 


errects  on  soil  surface  changes  in  central  Colorado's 


ponderosa  pi.ne  type 


. Soil  and  Water  Cons.  23:175-173 


o 


33. 


Measure.ment  of  soil  surfaoe  elevation  on  ponderosa 
pi.ne-bunchgrass  lands  in  central  Colorado  showed 
that  3 5-years  of  grazing  and  winter  Icggi.ng  had  not 

ia.sursnien.'C 3 ir.cicaTed 


caused  serious 

erosion . 

' 1 - 

an  aggradation 

of  soil  3' 

• a 

to  differences 

in  ground 

CO  V0' 

■— OT7— ,/a'  =• 

_ _...w 

dation  on 
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ounc.ngrass  ranges  or  thecentral  Rocky  Mountains:  The 


status  of  our  knowledge. 


3erv . .-\es  . 


RM-153:  2c  n 


Mcuntai.ns  . 


?ine-bunchgras3  ranges  have  historically  bee.n 
livestock-producing  areas  i.n  the  central  Rocky 
Grazi.ng  will  continue  to  be  important,  but  in  conjunction 
with  other  uses  of  the  land.  livestock-ma.nage.ment 
tecfmiques  are  wall  developed  and  soundly  based  on 
research  within  the  pine  bunchgrass  type . There  is  a 
need,  however,  to  understand  the  i.nterrelationships 
of  other  land  uses,  particularly  as  they  relate  to 
human  population  pressures.  Research  needs,  as  well  as 
what  is  kncwn , are  described  for  several  vegetation 
cover  types.  Cther  resources,  such 
water,  are  evaluated  in  relation  to 
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darling,  1.  .A.  and  G.  3.  Ccltharo. 
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3toc.<  on  water  qua.-zty  or  mcuntaz.n  strea.ms. 
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This  study  was  designed  tt  detertiite  the  type  and 
extant  c 
quality 


:r  _tvestcc.<  sratint  erracts  on  tne  water 


strear.s  oassin 


rnrougn  grazing  cCitpartr.ents . 

— Iziphasis  was  placed  on  the  effect  of  livestock  grazing 
on  the  oactario logical  indicator  groups  of  total 
coliforTTi,  fecal  oolifort;  and  fecal  streptococci , with 
less  attention  given  to  selected  physical  and  chemical 
parameters.  The  study  was  conducted  on  three  mountain 
streams  in  the  Bear  River  Range  of  northern  Utah. 

Significant  increases  in  the  oacterial  counts  were  noted 
during  the  grazing  of  cattle  and  sheep  at  stream 
locations  i.mmediately  down-strea.m  from  the  grazing 
activity.  Bacterial  counts  i.n  streams  draining 
grazed  watersheds  reached  seasonal  maxi.mu.m  values  duri.ng 
the  grazing  period,  while  counts  from  the  u-ngrazed 
watershed  re.mai.ted  relatively  low  and  constant. 


e c."ie.mical  and  physica_  water  qualzty  parameters 


1 i-. 


showed  no  clearcut  effect 


rrom  -zvestoc.'c  grazz.ng. 


“i-O.  -.avis^  G.  A. . 


Q7'' 


/ 


lanagement  alternatives  for  the 


riparian  habitat  in  the  southwest.  In  I.mportance, 
Preservation  and  Management  of  Riparzan  Habitat:  .A 
Symposium.  “or.  Ser.  Gen.  Tech.  .Rpt.  RM--3:  55-57. 

Manage.ment  and  environmental  consequences  of  different 
uses  of  riparian  habitat  are  co.nsidered.  Grazing  was 
indicated  as  causing  1)  increased  potential  for 
devastating  floods  due  to  eli.t.ination  of  vegetative 
cover  on  the  adjacent  watersheds ; a.nd  2)  removal  of 
herbaceous  material  a.nd  seedlings  and/or  sprouts  of 
woody  riparian  species  i.n  the  bottoms.  Wildlife 
manage.ment  in  the  riparian  zone  is  also  considered. 


O 


)ee,  R.  T.  W*.  Sox,  and  I.  Robertso.n,  Jr.  135  3 . I.nfluenc 

of  grass  vegetation  on  water  i.ntake  of  Pull.man  silty  clay 
T.  Range  Mange.  19:77-73. 


loam. 


Ring  i.nf iltrometers  were  used  to  compare  water  i.ntake 
rates  on  four  different  grass  types  reoresentative  of 
various  successional  stages.  Results  i.ndicated  higher 
i^^il -ration  rates  for  plants  with  a higher  successional 
stage.  Infiltration  was  correlated  to  standing  vegetation 
litter,  and  litter  and  vegetation  ccmbi.ned. 

/oobzn,  C.  E.  1333  . Sudden  floods  initiate  erosio.n  (letter 


to  editor ) . 


/ 


3 (oo.mments  on  i.nfluence  of 


“overgrazzng  on  eroszon  and  watersheds ) : 33^. 


Ezscusses  historical  growth  of  arroyos  in  Chaco  Canvcn 
and  concludes  that  climatic  pheno.mena  as  well  as  over- 
grazing  may  be  causes  of  erosion. 


O 


313 


C 


Doran,  J.  V/.  and 


A AA  i • 


racreric^ogicai  quality 


of  runoff  water  from  pastureland.  Aopl.  and  Environ. 
•Microbiol.  3 7:98  5-391. 


Runoff  from  a cow-calf  tasture  in  eatarn  Nebraska  was 


'or  bactariolosical  oarametars 


r 


Lounts  ir 


monitorea 

runoff  from  both  grazed  and  ungrazed  sites  generally 
exceeded  recommended  -.-jazeT  quality  standards. 

The  fecal  ooliform  to  fecal  streptococci  ratio  was 
used  to  distinguish  betwee.n  wildlife  and  cattle.  .Also, 
the  use  of  Streotooocous  bo vis  for  evaluating  the 
effectiveness  of  management  practices  on  mini.mizing 
contamination  of  surface  water  is  discussed. 


, 


}orignac,  E.  J.  and  L.  E.  Love. 


13  C J. 


mriitratton  studies 


on  Ponderosa  Pina  Ranges  of  Colorado.  Rocky  .Mtn.  Forest 
and  Range  Exp.  Sta.,  Sta.  Paper  No.  59:  3^  p. 

Duri.ng  the  years  13^1  through  195u,  infiltration  studies 
were  conducted  on  six  range  pastures  at  the  .Manitou 
Exoerime.ntal  Forest. 


c 


Using  the  Roc.ky  Mountain  inf iltrometer  the  following 
conclusions  were  reached: 

1.  Infiltration  varies  with  cover  type  on  Ponderosa 
Pine  ranges. 

2.  height  of  dead  organic  matter  and  the  a.mount  of 
ncncapillary  pores  in  the  surface  soil  were  the 
most  i.mporta.nt  measured  factors  i.mfluencing 
infiltration  rates  of  granitio  alluvi-um  soils 


3. 


4. 


occurring  in  the  Manitou  pastures. 

Providing  protection  from  cattle  grazing  resulted 
in  an  increase  i.n  infiltration  rates  from  those 
measured  at  the  start  of  the  experi.ment  i.n  19-1. 
Rather  rapid  recovery  of  infiltration  rates  was 
observed  on  pine  grass,  which  showed  most  of  the 
increase  taki.ng  place  in  the  first  six  years  of 
protection.  I.n  the  grassland,  recovery  infiltration 
rates  continued  throug.h  135u-,  or  13  years  after  the 
start  of  the  experi.ment. 

Infiltration  rates  in  grassland  and  pine-grass  can 
be  esti.mated  by  measuring  the  quantity  of  dead 
organic  material  and  non-capillary  pores  i.n  the 
surface  soil. 


C 


45.  Dragoun,  F.  J.  and  .A.  R.  Kuhl.man.  135  3.  Effect  of  pastur 
■ — management  practices  on  runoff.  J”.  Soil 


-isture 

Aater  lonserv. 


Field  trials 

TO 


ver 


^ V : 


cvsr*  3.  4A-‘“*/s^r'  osr'i.oc 


oiss  ^ 5.n.c 

scil-waoer  STorage  and  forage  producriori- in  a 
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brciTie grass -legume  pasrure  of  5%  slope  on  a Holdrege 
silt  loam  soil  receiving  25  in.  average  annual  rainfall. 
Contour  furrowing  oonserved,  o: 


:ne  average 


in/ year 


in  SCI-  moisture  die  not  orocuce  oef 


jasture , 


Runoff 

from 


from  eccentric  disked  plots  was  15-30%  less  than 
untreated  plots  and  runfof  duration  from  heavily  grazed 
plots  was  more  than  twice  that  from  lightly  grazed  plots. 


uce 


Canon  Bottoms 


1913.  The  effect  of  cattle  on  the  erosion  of 
d7;U.50-‘J-52. 


Sci, 


J 


more  precipitation  than  untreated  plots , but  the  increase 


Outlines  the  effect  of  cattle  on  the  erosion  of  the 
arid  Canon  Country  in  southeastern  and  southwestern 
Colorado.  Describes  the  formiation  and  growth  of  arroyos 


Duley,  ?.  L.  and  C. 
intake  of  water. 
153;  15  0. 


E.  Dcmi.ngo.  19^9.  Effect  of  grass  c 
Univ.  Meb.  .Agr.  Ext.  .Sta.  Res.  Bull 


;n 


I.nf iltration  tests  were  .made  cn  a number  of  grassla: 


soils  by  means  or  a 15-  ;<  72-i.nc.n  spri.nKier  type 
inf iltrc.meter . Tests  were  made  on  native  meadow  and 
range  pasture  land  i.n  a .moist  subhumid  to 
cli.mata . 


to  drv  subhu.mid 


The  various  types  of  grasses  tested  were  effective 
in  i.nduoing  a high  i.ntake  rate  of  water  into  the  soil. 
However,  the  total  cover,  including  live  grass  and 
associated  litter,  was  more  significant  than  the  kind 
of  grass  or  the  type  of  soil. 


48 


on  an  area  arrectac  oy  overr_ow  cepeszts  anc  tra.mpi.zng 
by  animals,  the  i.ntake  rate  on  blue  grass  la.nd  was 
reduced  to  a very  low  point. 


Dunford,  E. 


1949.  Relation  of  trazi.ng  to  runoff 


erosion  on  bur.chgrass  ranges.  Forest  3erv.  , Rocky 
For.  3 Ra.nge  Exo . Sta.  Res.  Mote  Me.  7:  2 o . 


anc 


4 3 , 


junr : 


^unerr  and  sedz.T,ent  were  oollectad  from  six  1/12C  acre 
plots.  Two  plots  were  controls;  two  were  moderately 
grazed;  and  two  were  heavily  grazed. 

Runoff  from  rainfall  increased  for  both  treated  plots 
but  significant  increase  in  sedi.ment  yields  were  observed 
on  the  heavily  grazed  plot  only. 

:rd,  E.  G.  1354.  Surface  runoff  and  erosion  from  tine 


grasslands  of  the  Colorad-: 


O 
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Heavy  grazing  (2-1/2  acres  per  zow-tuonth)  appeared  cc 
increase  erosion  and  surface  runoff.  ModeraLe 
zrazing  (-^-acres  oar  cow-mcnoh)  does  not  aooear  ~o  have 
any  erraco  on  runorr  anc  ercscon.  ^onc_usion  rcr  one 
Front  Range  is  oiodarata  grazing  is  zest  fron  both 
economic  and  watershed  standocint. 


lunford,  E. 


ana  o . .veer zman . 


to  centre^  soiu  eroszon. 
1955:  235-2^2. 


03.  .^.anaging 


ists 


In  Water,  ’J.S.I.A.  Yearbcck 


G 


Cutlines  principles  of  integrating  ti.mber  and  watershed 
management  to  control  erosion  from  forest  lands. 
Describes  factors  responsible  for  accelerated  erosion 
from  forest  lands.  Recommends  measures  of  fire  pre- 
vention, grazing  control-,  legging,  and  construction 
of  logging  roads  for  erosion  control. 

Dunne,  T.  1S7S.  Sedi.ment  yield  and  land -use  i.n  tropical 
catchments.  J.  Hydro  1.  1^2  : 23 1-3 GO  . 

-Analyzes  sediment  yields  from  61  Kenyan  catchmients  on 

the  dcm.i.nant 


a regional  basis  and  concluded  land  use  is 
:ontrol  withi 
:his  analysis 


control  within  each  region.  Ra.ngeland  was 


s included  in 


Ed.mcnd,  D.  3. 


2he  influe.nce  of  treadi.ng 


a prelimi.nary  study.  N.I.  J.  .Agric 


.'■.es 


:n  pastures : 
3 _ 3 a 


Treading  damaged  the  pasture;  most  of  the  effect 
followed  the  first  treading  but  repeated  treadi.tgs 
altered  botanical  compesition.  I.ncreased 
had  increased  i.nfluence  on  ola.nt  and  scil. 


S3.  zd.T.cnd,  D.  3.  1353  . Effects  of  treadi.ng  peren.nial  ryegrass 

(lolium  oere.nne  L.  ) and  white  clover  (Trifoli’-im  reoens  1.  ) 


:astures  zn  wznter  and  summer  a' 
’.  .Agric.  Res.  5:2  53-275  . 


two  scz.  .r.cz: 


Reduced  yields  appeared,  i.n  the  mai.n,  to  be  due  to  the 
lower  vigor  cf  a lesser  nu-mber  of  grass  tillers  i.n 
trodden  pastures. 

Particularly  in  wet  soil,  direct  effects  on  plants, 
such  as  root  damage , plant  displace.me.nt , and  burial  i.n 
mud,  appeared  to  be  i.mportant.  There  also  appeared 
to  be  significant  changes  i.n  the  soil  itself,  such  as 
limitation  of  soil  air,  i.ndicated  by  gleying  at  1 to 
1-1/2  i.n.  deoth  i.n  wi.nter. 


3 — . 3.d..iOnd , D.  3.  ^3/^. 

pasfure  yield  and  physical 
J.  Exp.  .Agric.  2:33->i.3. 


.eaa  '-rec 


on  c—  .ro’on  sco's. 


o 
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Treading  cr  sheep  ar  1^9.4  ecuivalent/ha  on  Manawa 
ryegrass  and  Manawa-Huia  white  clover  pastures  on 
four  soil  types  (yellow  brown  loaci,  yellow  brown 
_ pujnice,  fine  sandy  loam  and  silt  loam)  reduced  pasture 
~ production  significantly.  There  was  a slight  increase 
i.n  herbage  N in  trodden  plots,  but  no  difference  in  K, 

? or  Mg  in  white  clover.  The  average  height  of  growing 
points  in  tillers  in  ryegrass  was  reduced  by  treading. 
Soil  bulk  de.nsities  were  higher  in  the  C-2.5  cm  layer 
on  trodden  olots  on  all  soils. 


O 


lison,  1.  1345.  The  pocket  gopher  in  relation  to  soil 

erosion  on  .mountain  range.  Tool.  27:101-114. 

Study  conducted  along  the  Wasatch  Plateau  in  Utah 
indicated  the  pocket  gopher  to  be  an  agent  of 
geologic  normal  and  accelerated  erosion.  The  accelerated 
erosion  activities  of  the  pocket  gopher  are  initiated 
by  overgrazing  and  are  related  to  degree  soil  mantle 
is  dissected  and  oeroent  of  bare  soil. 


Study  of  rangeland  soil  mcvement 


sser  , -n.  G . ; o 

characteristics  . ^ Watershed  Manage.ment , 

Symp.,  .A,ug.  11-13,  Logan,  Utah;  421-422. 


rroc . .-.0^0 


Study  initiated  i.n  135  3 in  Wycmi.ng  used  erosion  tra.nsects 
to  measure  soil  movement  from  four  treatments:  1) 
protected,  2)  no  protection  from  grazing;  3)  herbicides ; 
and  -)  no  herbicides. 


O 


-Pesults  i.ndicated  no  significant  soil  m.cve.ment  associated 
with  the  grazi.ng  treatment.  Sites  treated  with  chemicals 
had  significant  soil  mcve.ment,  and  sites  with  herbicides 
and  grazing  had  extre.mely  significant  mcve.ment. 


'Sling,  C.  L.  1323 
Per.  25:334-397. 


2he  soil  protection  oroble.m.  T. 


uates  t.ne  .maun  er  tacts  or  tear  eng  down 
grazing,  logging,  and  fire  to  be  1)  reduction 
cover,  thereby  allcwi.ng  erosive  forces  to  ooe 
2)  re.moval  of  plant  m.aterial  which  lowers  the 
of  the  soil  and  its  productive  capacity. 


rectors  suc.n  as 
: olant 


'ate  ; and 


tne  rarte.ety 
Exa.moles  are 


citec  as  to  errects 
on  cvergrazi.ng. 


:over  on  eroseon.  z.,monases  is 


‘S  5 ^ • 


13  31.  .A.  study  of  the  influence  of  herb 


?l-nt  cover  on  surface  run-off  and  soil  erosion  in 
-to  grazi.ng  on  the  Wasatch  Plateau,  Utah.  U.S.T..4. 
-Bull.  .\'c.  22G:  72  o. 


aceous 

a**' 

Tech . 


-'.asu_ts  or  15  years  of  rainfall  and  r-cnor 
and  seven  years  ofsncw  runoff  .measure.ments  for  two 
'•'^«~-^sheds  in  ce.ntral  Utah  indicated  that  increased  olant 
cover  rrom  15  to  4C  percent,  reduced  rainfall-r’unof f bv 


O 
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5u  percent,  erosion  by  57  percent,  and  snowmelt- 
runoff  bv  57  oercent. 


Forsling,  C.  1.  1532.  Erosion  on  uncultivated  lands  in 

the  interne untain  region.  Sci.  Monthly  3!j-:311-321. 

Discusses  the  i.T.pact  of  unmanaged  grazi.ng  and  public 
land  use  on  the  native  plant  cover  and  erosion  in 
this  region. 

Frank,  E.  C.,  H.  E.  Brown,  and  J.  R.  Thompson.  1975. 
Hydrology  of  Black  Mesa  watersheds,  western  Colorado. 
For.  Ser.  Gen.  Tech.  Rpt . •R3'!-13:  11  p. 

Eleven  years  of  runoff  and  suspended  sedi.ment  data 
show  no  relationship  to  bare  soil  intercept,  -which 
decreased  although  graci.ng  utilized  an  average  of 
iuo  percent  of  the  grass.  By  current  classif ication 
schemes,  sediment  yields  indicate  very  mi.nor  amounts 
of  geologic  erosion. 


c 


Gard,  L.  E.,  R.  F.  Fuelle.man,  C.  A.  Van  Dcre.n,  and  W. 
ammlade . 131*3.  Runoff  from  pasture  land  as  affect 

by  soil  treatment  and  grazi.ng  manage.ment  and  its 
relationship  to  botanical  and  chemical  composition  and 
sheep  productio.n.  J.  .Amer.  Soc.  .Agron.  35:332-3i*~. 

f study  reported  by  Van  Dcren  et  al . (19i*C) 


rollow  up  o 

relating  soil  treatment  and  grazi.ng  management. 
Results  conclude  that  soil  treatment  a.nd  moderate 
grazi.ng  produce  the  lowest  runoff.  Soil  loss  was 
low  from  all  clots. 


52.  Gary,  H.  1.  1375. 


!D_ems  and 


opportunities  tor  tne  Cc-oraco  rrent  range  pcncerosa 
pine  zone:  The  status  of  our  knowledge.  For.  Ser.  Res 

?ao.  -R3i-13  3 : 3 2 c. 


Soils  in  the  region  were  developed  from  gra.nites , are 
relatively  infertile,  and  erode  easily  after  abuse. 
Water  yields  are  relatively  low.  Plot  studies  corro- 
borated with  large-scale  studies  on  ti.mbered  and 
grazed  areas  have  provide  guidelines  for  mai.ntaining 
satisfactorv  waters.hed  conditions  . 


53 


c 


'oirford,  ‘J . 


197  5.  Beneficial  and  detri.me.ntal  effects 


or  range  i.m.provement  practices  on  runoff  and  erosion. 

In  Watershed  .Ma.nagement , Free.  .ASCE  Symp.,  .Aug.  11-13, 

— Logan,  Utah:  215-2U.3. 

Reviews  hydrologic  i.m.pacts  of  various  rants  i.mprove.men- 
practices,  including  grazing,  with  results  on  wamer 
cua.ntity  a.nd  qualify. 


ID  (•) 
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ford,  3.  J . C.  Buckhcuss,  and  ?.  E.  Busty.  1375. 

Hydrologic  i-oipact  of  turning  and  gracing  on  a chained 


oinycn-3 unioer  scoa  in  soutneasrern  loan. 
Res.  Lat.  PRJNR012-1:  22  o. 


.vater 


O 


Resuios  of  several  soudies  conducoed  ao  Standing,  loah 
on  a chained  pinycn-j unioer  site  wioh  several  different 
slash  disposal  techniques  and  gracing  super i.tocsed  are 
oresentad . 


Results  indicated  .niniciai  i.oipact  on  tacterial  water 
quality  ty  gracing  at  a rate  of  2 ha/.A’JM;  lower 
infiltration  rates  on  graced  vs.  ungrazed  sites,  and 
no  apparent  trends  were  detected  in  sadi.nent  production. 

cord,  3.  F.  and  R.  K.  Hawkins.  197  3.  preli.tinarv 
approach  towards  hydrologic  .T.cdeling  of  rangeland 
grazing  cianage.oient  systems  . 

Rangeland  Congress,  Denver, 


!c.  rirst  _ntern. 


■■-lor.:  275-233. 


This  0 


aper  triefly  presents  a preliminary  attempt  at 
modeling  rangeland  gracing  management  syste.ms.  The 
model  is  synthesised  around  grazi.ng  i.ntensity  as  the 
key  to  impaoting  i.nf iltration  rates  in  future  projected 
grazing  patterns.  I.mpacted  i.nf  iltration  rates*  are 
t.nen  converted  to  runoff  curve  numbers  for  aoorooriate 
vegetation  types,  cover  conditions,  and  infiltration 
rates  for  use  in  calculating  runoff  volumes  by  the 
■J  . 3 . Soil  Conservation  Service  technic  ue. 


O 


ford,  3.  F.  a.nd  R.  H.  Hawkins . 
o*  cn  — I A 

Rescur.  Res.  li:3C3-313. 


1973  . Hydrologic  i.mpact 
:ritical  review.  '/.’atar 


..ne  nyorciogic  importance  or  grazi.ng  is  receiving 
increased  attention  cn  rangelands  in  the  United  States. 
The  literature  on  this  topic  is  fragmented.  This  oaoer 
explores  the  available  literature  for  infiltration*  a.nd 
runoff.  Generally,  data  relative  to  range  condition 
are  not  adequate  for  evaluating  'nydrologic  i.T.pacts . 

relating  grazi.ng  intensity  to  i.nf  iltration  rates 
are  not  available,  yet  disti.not  li.mitations  are 
evident.  These  limitations  are  discussed  i.n  terms  of 
identifying  future  research  needs.  The  greatest  need 
appears  to  be  a detailed  defi.nition  of  the  long-term 
®-fects  of  grazi.ng  (by  year  and  season)  on  i.nf  iltration 
rates  -s^a  runction  of  site,  range  conditions,  and 

intensity.  Cnee  obtained,  infiltration  rates 
must  oe  coupled  with  an  approoriate  method  for  zeneratinc 
runoff  volumes,  storm  hydrograohs,  and  long-term  water 
yields. 
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57.  31iriSk,  R.  L.  1377.  Reger.erar ion  and  disor iduoion  of 

sycanore  and  ooroonwcod  oraes  along  Sonira  Creek,  Santa 
Cruz,  County,  .Arizona.  ^ Preservation,  l.nportanoe,  and 
_Managertent  or  Riparian  Haditat:  .A  Sytiposi'uzi.  “or. 

Ser.  Can.  Tech.  Rpt.  R.'1-'J-3:  115-123. 

This  study  descrides  the  affects  of  livestock  grazing 
and  streanided  erosion  on  the  regeneration  and  distridution 
of  sycamore  and  cottonwood  trees.  Sycamores  reproduced 
from  root  and  truck  sprouts  and  decause  of  this  their 
distridution  is  not  as  likely  to  change  significantly. 
Cottonwood  reproduction  was  nearly  absent  in  areas 
grazed  by  cattle,  and  was  confined  to  the  narrow  erosion 
channel.  If  this  regeneratio.n  pattern  continues,  the 
future  maxi.mum  width  of  the  cottonwood  forest  will  decrease 
.nearly  50%. 


53 


Sradwell,  M.  W.  137ii.  Laboratory  test  methods  for  the 


structural  stabilities  of  soils  under  grazi.ng 


. • — .a  • 9 


10th  Intern.  Cong,  of 


icil  Sci. 


: 341-3  50  . 


G 


Tests  of  resistance  to  penetration  and  of  plasticity 
at  field  capacity  failed  to  correlate  with  the  observed 
susceptibilities  of  some  .N'ew  Zealand  soils  to  plugging 
under  animal  treadi.ng.  Resista.noe  to  pentration  a.nd 
plasticity  change  under  treading  in  the  wet  season 
and  the  change  may  take  di: 


sons . 


..he  vc_'u.mes  of  larse  tores 


the  soils  aft; 


This  is  attributed  to  the  influence  of  air  content  on 


6 


*.e  dzrectoon  or  t.ne  c.nanges  t.nat  occur. 


53.  Gunderson,  D.  R.  1355  . Flocdplai.n  us; 
morthology  and  fish  tcoulations . 
32:507-51^. 


lanaze  . 


For  two  co.ntiguous  sections  of  a Montana  strea.m,  the 
agricultural  use  of  t.he  flcodplai.n  was  related  to 
cover,  strea.m  morphology,  a.nd  fish  populations.  I.n 
one  section  the  vegetation  of  the  flocdplai.n  had  been 
reduced  by  clearing  and  intensive  livestock  grazing; 


in  tne  ctner  sectic 


iic.n  nac  receivec  _ig.nt  use  ov 


livestock,  vegetation  was  relatively  uncha.nged.  This 
ungrazed  section  had  75  percent  more  cover  (undercut 
banks,  debris,  overhangi.ng  brush,  and  miscellaneous) 
per  acre  of  strea.m  tha.n  the  grazed  section.  Brown 
trout  (+5  inches)  were  esti.matad  to  be  27  percent 
more  numerous  and  to  weigh  percent  .mere  per  acre 
in  the  ungrazed  section  *of  the  strea.m,  although  their 


'ate  or  growtn  was  simi_ar  in 


:wo  stream  sections. 


o 
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Hansen,  C.  L. 


-rract  er  grazing 


Kuhlman,  and  J.  K.  Lewis.  1973, 
inzensizy  and  range  condition  on 
hydrology  of  western  South  Dakota  ranges.  S.  Dakota 
_Staoe  Univ.  .Agr.  Exp.  Sta,  3ull.  Mo.  6*^7:  54  p. 


0 


Studies  shewed  that  grazi.ng  intensity  and  changes 
in  range  condition  affected  vegetation,  nuioh  and 
annual  and  suzuner  runoff. 

Effects  on  daily  evapotranspiration  rates  indicated 
that  low  range  condition  had  lower  rates  early  in  the 
suiTJcer  with  the  .Tiaxi.tuzi  rate  continued  later  in  the 
summer  than  on  the  high  range  condition. 

Hansen,  C.  L.  and  o'.  X.  Lewis.  197  3.  Winter  runoff  and 
soil  water  storage  as  affected  by  range  condition.  ^ 
Free.  First  Intern.  Rangeland  Congress,  Denver,  Colo.: 
23^-237. 


These  data  cover  seven  winters  from  a range  hydrology 
study  conducted  on  Mixed  Prairie  of  the  northern  Great 
Plains  at  Cottonwood,  South  Dakota.  Watersheds  in 
the  high  range  condition  with  the  most  vegetation  a.nd 
mulch  captured  the  most  blowing  snow  and  stored  the 
most  soil  water.  However,  winter  ru.ncff  was  about 
the  same  from  watersheds  in  mediumi  and  low  range 
condition  as  it  was  from  watersheds  in  high  range 
condition . 


o 


if  surface  runoff  - from. 


Harms,  L.  L. , ?.  Middaugh,  J.  N.  Dernbush,  and  J.  R.  Anderson. 
1975.  Sacterio logical  quality 

123:71-73. 


Cultivated  and  ncncultivated  field  under  sncwm.e! 
and  rainfall  runoff  conditions  were  cOimpared. 

Fecal  ccliform  co'unts  in  snowmelt  r’uncff  were 
for  the  pasfure  and  hayfields,  exceeded  water  quality 


erzte'^'’  ^ 


:n  these  sites  longer. 


quent.:.y,  oecause  ca' 


ware  oasturec 


Rainfall  runoff  data  from  the  pasture  indicate  potential 
pollution  proble.ms,  but  data  were  lacking  for  any 
conclusions . 


Harper,  V.  L.  195  2.  'vatershed  management  — forest  and 

range  aspects  in  the  United  States.  Unasylvia  3:135-114. 

This  paper  is  a general  review  of  such  things  as 
development  of  public  concern  about  watershed  values 
s.r.d  effect  of  cover  on  watershed  values.  Sc.me  exa.moles 
of  forest  and  range  watershed  protection  and  i.mprove.ment 
work  are  discussed. 
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Hawkins,  R.  H.  and 


Hy ar c -lc  g i c ac  t s 


or  graz-ng  systems  on  inri.tratrcn  anc  runorr 
of  a nodal.  Iran  War.  Res.  Lad.  Hydrol.  and  Hydraul 


Series  UWRL/ K-7 9/ G 1 . 


0 . 


The  response  of  infilrraricn  rare  (f^)  ro  grazing 
sysrens  is  ncdeled,  based  on  i.nf ilrraricn-grazing 
informarion  available  from  pasr  srudies.  As  i.npurs 
rhe  model  used  a grazing  sysrem  schedule,  i.nirial 
infilrrarion  rare,  and  a characrarisric  recovery  ri.ns 
The  ourour  is  a secuence  : 


inmrrarion  rares  , r: 


:m 


which  hydrciogic  Lnpacr  inferences  may  be  made. 
Background,  developmenr,  usage,  caurions , a.nd  furure 
research  needs  are  given.  .A  compurer  program  of 
rhe  model  is  suoolied. 


Honczarenko,  G 


3 / . 


;.zrecr  or  grazzng  on  vegera. 


;ver 


and  physical  properries  of  meadow  soil.,  ^.esz. 
Posreo.  Nauk  Roln.  74:101-105. 


C 


Grazi.ng  on  very  war  soils  resulrs  in  a .massive 
occurrence  cf  Deschamosia  caesoirosa  and  Juncus  effusus , 
associared  wirh  low  porosiry  and  excess  moisrure. 

Darer iorarion  of  physioal  properries  is  mcsr  likely  ro 
occur  on  sandy  soils  a.nd  pears,  whereas  f i.nely-rexrured 
soils  (alluvial  soils,  loess,  clay  soils)  are  less 

^ w s uic t uZ* iL  wStsr’i.O'^^tz.wn • 


Housron,  W.  R.  1965. 

imprcvemenr  i.n  rhe  norrhar.n  3rea* 
Manage.  13 : 2S-3G . 


iOi_  .moisrure  resoonsa 

_ams  . 


- = 
Range 


The  srudy  was  ccnducrad  i.n  Monra.na  duri.ng  13  53 
soil  sires  and  i.mprovemenr  pracrices  were 
and  measuremenrs  .made  during  19  5 9 and  1961. 


V arious 


" I a 0 .a 


Resr  from  grazing  reduced  .moisrure  srress  o.n  mcsr  clay 
soils,  bur  moisrure  srress  i.ncreasad  on  fine  sandy  loa.m 
soils  i.n  1S59. 

The  dara  from  1961  rerresenred  a drcughr  vear  a.nd  no 


'aulr , J.  13"^1.  The  erodibiliry  of  overgrazed  soils  in 
rhe  .Ada-mawa  high  plareau  (Ca.merocr. ) . Infilrrarion  srudies 


au_uerin  ze  1 ' .Associar ion  rrancaise  ocur  * ' iruce  ce  io_ 
Me.  1:23-56. 


C 


V egeraric 


sci_  rauna. 


and  runoff  were  sr 


apparenr 
in  soils 


rne  canv' 


..ne  sc: 


ma: 


.V  red  ferralliric 


.nes 


:c  cas  10  na. 


u 3 0i_s  wirn  rreo_uenr 
us  conorerion s . 
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Precipitation  is  approxiciately  13  50  nun,  distributee 
over  3 months.  The  extent  to  which  these  soils  are 
eroded  appears  to  depend  mainly  on  their  infiltration 
capacity,  which  in  turn  is  associated  with  soil  fauna, 
particularly  termites,  whose  abundance  and  activity 
depend  on  the  amount  of  lignifiad  material  available. 
The  presence  of  woody  species  is  therefore  essential 
for  controlling  erosion  in  these  soils,  but  compaction 
and  the  high  rate  of  runoff  under  savanna  conditions 
could  not  be  directly  attributed  to  overgrazing. 


73.  Johnson,  .A.  195  2. 


T ^ 


rects  or  grazi.ng  intensity  and  cover 


on  water  intake  rate  of  fescue  grassland.  J.  Range 


Manage.  15:79-32. 


The  study  was  ccnducted  i.n  southwestern  Alberta  in 
Canada.  Sites  included  ungrazed  and  areas  which  had 
been  grazed  at  four  different  rates  for  tan  years. 

Inf iltrcm.eter  results  indicated  that  even  after  ten 
years  of  heavy  grazing,  soil  erosion  by  water  was 
not  a critical  factor  in  management.  Infiltration 
rates  increased  as  the  amount  of  mulch  and  vegetation 
increased. 


■on,  E.  A.  1352. 


Effect  of  farm,  woodland 


n 


Gland 

watershed  values  in  the  southern  Apolachian  .Mountains. 


The  effects  of  II  years  of  grazing  cattle  on  a forested 
A-ppalachian  watershed  are  reproted.  The  exoeri.ment  is 
described;  the  effects  of  grazing  on  vegetation,  soil, 
and  water  are  presented;  and  practical  implications  of 
grazing  .mou.ntain  watersheds  are  discussed. 


J n ^ 


Johnson,  3.  R.,  H.  L.  Gary,  andS.  L. 

cattle  impacts  on  stream  water  in  the  Colorado 
Range.  For.  3er.  Res.  i\ote  R.M-35  9:  3 c. 


13  73  . Ra.nge 
rent 


Studies 

on 

two  a' 

central 

Colorado 

”■—3  2 ''  n 2 

a- 

cn 

water 

the  wat 

howev' 

removal 

of 

the  c. 

! Hewing 


levels  si.milar  to  those  i.n  the  ungrazed  casture. 


rohnston-Wallace , D 


. 3 . .-\ndrews , and  J . La.mb  , Jr . 


13-2.  The  influe.nce  of  periodic  close  grazi.ng  and  pasture 
J^rtilization  uocn  erosion  control.  J.  .Amer.  Soc.  .As'-cn. 
3^:353G37:i. 
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rasrures  treated  with  adequate  li.tie  and  fertilizers 
did  not  show  an  increase  in  water  loss  or  erosion 
with  oeriodio  close  gracing.  Untreated  pastures  were 
less  effective  in  controlling  erosion. 

32.  Jones,  3.  Z.  1 9 3 3.  Gracing  control  stops  no  floods  ( letter 

to  editor).  Civil  Z.ng.  3 (cotime.nts  on  "The  I.nfluence  of 
Cvergracing  On  Erosion  and  Watersheds"):  333-3 3u. 

Silting  of  .‘irrowroci<  .Reservoir  with  a loss  of  6^  of 
capacity  was  due  in  part  to  wave  action  on  the  ocrders 
a.nd  placer  nini.ng  on  the  south  a.nd  .niddle  forks  of 
Boise  River.  The  watershed  of  Boise  River  is  in  a 
Mational  Forest  out  never-the-less  is  a source  of  silt. 
Discusses  floods  i.n  Ganti , Ephrair. , and  Six  Hill  Canyons 
in  relation  to  rainfall  and  vegetative  cover."  ■ Cver 
gracing  as  a cause  of  erosio.n  is  not  proven. 

33.  Kee.n,  3.  .A.,  a.nd  G.  H.  Cashen.  19  3 2 . Studies  on  soil  cultivatic 

II.  The  physical  effects  of  sheep  folding  on  the  soil. 

J.  .Agric.  Sci.  22:125-13-. 

In  this  study  the  depth  of  the  co.t.paotion  affect  was 
13  c.n  with  the  naxi.t.ur.  effect  at  3-u  cm. 

Ke.n.nedy,  C.  E.  1577.  Wildlife  co.nflicts  in  riparia.n 
nanager.ent : water.  In  I.T.portance , Preservation  and 
Ma.nage.nent  of  Riparian  Haoitat:  .A  Sytipcsiu.?..  For.  Serv. 

Ge.n.  Tech.  Rot.  2 : 5 2-  5 3 . 

Discusses  scr.e  changes  a.nd  effects  caused  oy  uncontrolled 
graci.ng  o.n  riparian  haoitat,  which  i.ncludes  type  con- 
version in  riparia.n  cone,  i.ntarruption  of  food  chai.n,  and 
tiai.nte.na.nce  of  unstaole  strea.t.  chan.nel  conditions. 

35.  K-ncll,  G.  a.nd  H.  K.  Hopkins.  1 9 5 9 . T3ne  effect  of  graci.ng 

and  tramoling  uocn  certai.n  soil  orcoerties.  Trans.  Ka.nsas 
.Acad.  Sci.  52  : 221-2  31  . 

Ri.ng  inf iltroneters  were  used  to  study  infiltration  on 
ungraced,  cioderately-graced , and  heavily  graced  sites. 

I.nf iltration  in  a 2-hcur  period  was  2.53,  2.G5,  and  1.5  5 
inches,  respectively.  Bulk  densities  were  1.33,  1.17, 
and  1.27  g/co,  respectively , The  effect  on  availaole 
soil  water  was  seen  i.n  May  when  there  was  none  oelcw 
2 feet  in  the  profile  on  the  heavily  graced  site.  There 
was  r.uch  less  .t.ulch  o.n  the  heavily  graced  site. 

35.  Kotok,  E.  I.  19  31.  Vegetative  cover,  t.ne  water  cycle  and 
erosion.  .Agr.  Eng.  12:112-113. 

With  accelerated  erosion,  na.nage.t.e.nt  -ust  check  the  aouses 
at  their  source  whether  they  are  fire,  destructive  Iccging 
or  overgraci.ng , a.nd  the  oest  possible  nantle  of  vegetation 
nust  be  established. 
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Kotok , 
Am. 


-33^.  Soj-v:.r.g  r.ie  rorest  and  water  riddle. 


:r.  33:y-33-u-Sl. 


O 


iu.Tjtarates  surveys  investigating  the  ccntrihution  of 
forest  devastation,  overcutting,  destructive  fires, 
overgrazing  and  other  abuses  of  forest  and  uncultivated 
lands  to  present  soil  and  water  problems. 


Kotok,  Z.  I.  1332.  Solving  the  water  riddle. 
Forest  and  Outdoors  2 3 : 415-‘J-13  . 


:ilus.  Can, 


Provides  proof  of  the  costly  effect  of  throughtless 
removal  of  forest  cover,  of  forest  fires,  and  of 
unregulated  grazing  practice. 

Kunkle,  3.  K.  1970.  Source  and  transport  of  bacterial 

i-tdicators  i.n  rural  strea.ms . In  Interdisciplinary  .Asoects 
of  Watershed  Manage.me.nt , Symp . , Mo.nta.na  State  'Jniv.  , 
Zozeman,  .Montana.  .August  3-5,  .ASCZ:  10  5-132  . 

Water  quality  studies  were  conducted  on  the  Sleepers 
River  Basin  in  Vermont  during  1367-1371.  Various  land 
uses  were  present  and  all  ware  sampled  for  bacterial 
indicators. 


leoenzent  on  tne 


Stream  bacterial  counts  were  very 
hydrolog;/  involved,  regardless 
of  bacteria  were:  1)  land  surfaces;  2)  the  channels ; 
and  3)  direct  incuts  (sewers). 


:r  t.te  source. 


curces 


Kunkle,  S.  H.  and  J.  R.  .Mei.ma.n. 
mountai.n  watersheds.  .Hydro  1. 
State  'Jniv.,  Fort  Collins:  53 


,vater  qua.zty  or 
21,  Colorado 


Water  quality  was  investigated  from  .Acril  136w-3ectemier 
135  5 on  mountain  watersheds  of  li.t.ited  use  in  the 


Colorado  Front  Range, 
iologioal  para.meters  were  measured. 


Analysis  indicated  that  the  bacteria 
:o  physical  parameters  of 


O 


"flushi.ng  errect".  Seasonal  trends  and  relationships 
to  physical  water  quality  parameters  are  discussed.* 


cI,cssLy 

, particularly  the 


i.assen,  1.,  H.  W.  Lull,  and  3.  Frank.  135  2 . 
water  relations  i.n  watershed  manage.ment . 
.Agric.  Mo.  31G:  5A  p. 

-A  review,  diagra.mmatically  illustrated, 
technical  knowledze  on  the 


borne  p_ant-soil- 


runcr 


Tc  tr.e  ruar.a.gs.'Tien'C  cr  ars2,s. 
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Lcyccck,  W.  A.  ar.d  ?.  W.  Ccnrac.  1957  . Zffecz  of  graai.-.g 

as  :neasurad  by  bulk  density  on  a high 


on  soil  compact  1C 
elevation,  cattle 


Ra.nge  Manage.  20:13  5-1^0 


Bulk  density  of  the  soil  in  grated  plots  was  si.milar 
to  that  in  ungrated  exclcsures  both  i.n  early  summer 
before  grating  and  in  late  3u.rn.mer  after  grating. 
Increases  i.n  bulk  density  during  the  su.mmer  both  in 
grated  and  ungratad  areas  were  attributed  to  changes 
in  soil  moisture.  Soils  in  early  s’ummer  were  moist 
and  swollen  and  thus  weighted  less  per  unit  vol^ume  than 
the  dry  soils  in  late  S'u.m.mer. 


S3.  Laycock,  W.  A.,  H.  ouchana.n , and  v/.  C.  Irueger. 


37-? 


J.  3 / 


Three 


methods  of  determining  diet,  utilitation,  and  trampling 
damage  on  sheet  ra.ntes.  J.  Range  Manage.  2 3:3  5 2-3  5 5 . 


Results  of  t.his  study  indicated  one-half  to  two-thirds 
of  the  herbage  re.moved  by  grati.ng  could  be  accounted 
for  bv  tra.mtling. 


G 


Leit.hhead,  H.  1.  19  53.  Runoff  in  relation  to  range  condition 

i.n  the  aim  Send-Davis  mountain  sectio.n  of  Texas.  T.  Range 


Manage.  12:53-37. 

Accordi.ng  to  studies  with 


ZmTi  £.s  r*— ri^ss  istrsz'i.cz's.'Zw 

rar.ge  ccndiTion  because  cbe  soil  absorbs  ziciscure 


gccG  conc:iti: 


s.ower . 

5 to  5 times  -aauen  w.uar.  ui.u 

condition . 


acsc 


^ M ' I 


:ccr 


•ne  ^oss  cr  nocsture  ov  evaocracior  rror 


ot  of  soil  IS  about  t.hree  ti.mes 


'3  a *“  31 


closelv 


grazed,  poor  condition  range  than  it  is  from  the  sam.e 


site  in  gocc  conciticn  t.nat  nas 


:e*^n  c^oteruy 


a : 


^acos , 


136  2 . '.vater  yields  a 


s ir*'^  uencec  bv  ce’^**"ees 


of  grazi.ng  in  the  California  wi.nter  grasslands. 

Range  .Manage.  13:3!j--^2. 

Heavy  grazi.ng  for  more  tha.n  3 5 years  had  resulted  in  a 
shallower  soil  than  the  ungrazed  sites  during  the  same 
oericd. 


-ncreases  i.n  wa 


infiltration  and  percolation  rates,  and  shallow  rooted 


:u" 


3 ' T 3 /- 


Gants.  Both 


these  were  caused  bv  heavv  grazing. 


G 


— — S->  •’* - 


m.ixed  prairie  i.n  southwest; 
J.  Range  .Manage.  ':155-17j. 


cr.s  soils  src 
z ^ 3 .<  s o c r.  s ’’.N  ^r. . 
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Four  sites  were  established  with  a grazed  and  ungrazed 
treatment  for  each  site.  Soil  analysis  indicated 
differences  in  moisture  content  and  bulk  de.nsitv  between 


rreattients . 


, L.  D.  1933.  Rangeland  watershed  management, 
oc.  -Amer.  Foresters,  1953:193-2  30. 


Free . 


In  this  general  discussion  paper,  Love  points  out  so.me 
of  the  factors  needed  to  .maintain  or  foster  good 
grassland  watershed  conditions.  These  are  as  follows: 

1.  .A  cover  of  herbaceous  vegetation  consisting  of  a 
high  percentage  of  bunchgrasses . 

2.  A large  amount  of  litter  covering  the  soil  surface. 

3.  .A  small  percentage  of  bare  or  exposed  soil". 

High  .non-capillary  porosity  of  surface  soils 
consistent  with  soil  orofile  characteristics. 


, W.  19^9. 

:r . 47 : 45-43 . 


V.'atershed  condition  and  flood  totential. 


k watershed  condition  classif ication  utilizi.ng  plant 
density  and  extent  of  visible  erosion  as  criteria  was 
used  on  the  Ephrai.m  Creek  watershed  in  Utah  to  determine 
flood  potential  zones.  Runoff  production  from  these  ' ' 

zones  was  i.ndexed  by  inf iltrometers  and  remedial  measures 
for  the  watershed  are  described. 


3 : 3 


.S.C.A.  hiS( 


Soil  comoactio.n  on  forest  and  rangelaand; 


? t t W 


_ . :.o  . / 3 3 : J 3 


Cescribes  the  process  of  compaction  (a)  by  logging,  (b) 
by  tra.mpling  of  men  and  ani.mals , analyses  the  site 
factors  that  affect  compaction  (soil  texture  and  structure, 
soil  density,  soil  m.c.,  organic-matter  content,  frost), 
discusses  the  affects  of  compaction  on  infiltration 
and  percolation  and  on  vegetation,  and  suggests  measures 
to  reduce  it. 


y,  b.  C.  197Q. 
ersus  nongrazing 


I ! 


Hydrologic  and  biotic  effects  of  grazing 
.near  Grand  Junction,  Colorado.  U.S. 
-=aoer  730-3:232-236. 


Over  a period  of  10  years,  4 grazed  watersheds  o.n  salt- 
desert  rangeland  have  ahd  a slight  increase  in  the  amount 
tf  bare  soil  and  rock,  and  a decrease  in  ground  cover; 
cover  on  paired  ungrazed  watersheds  has  remained 
virtually  unchanged.  Runoff  in  the  ungrazed  watersheds 
has  oeen  aoout  30%  lass  than  in  the  grazed  watersheds, 
and  sedi.ment  yield  has  bean  about  -5%  less.  The  greatest 
changes  occurred  about  3 years  after  livestock  was  ex- 
cuuded  orom  1 watershed  of  each  of  the  oairs  . V/ithin  areas 
of  si.milar  phys iography , runoff  appears  to  be  directlv 

wt  the  percentage  of  bare  soil  on  the  watershed. 


t .o>i  ir 
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Hyiro  logic 


1C  errecos 


y , o . u 

razing  vs.  ncn-grazi.ng  near  Grand  Junction,  lolcrado. 

. Range  .Manage.  23:255-25  0. 

The  efface  of  grazing  on  one  hydrology  of  salt-desere 
evee  rangeland  has  been  studied  near  Grand  -Junction, 
Colorado  for  the  past  1^  years . .Measurer.ents  of  pre- 
cioitation,  r’unoff,  erosion,  and  vegetation  have  been 


w n — w .. 


iac.n  oair 


made  in  rour  pairs  or  watersnaas 
has  been  zrazed  by  cattle  and  sheep  as  is  norma_  in 
the  region,  a.nd  the  other  has  not  been  used  si.nce  the 
beginning  of  the  study.  Maasure-ments  .made  ^0  years 
aoart  show  that  all  four  grazed  watersheds  have  had  a 
slight  increase  in  the  anicunt  of  bare  soil  and  rock  and 
a decrease  in  ground  cover;  cover  on  ungrazed  watersneds 
has  remained  esse.ntially  unchanged.  Runoff  in-  tne 
ungrazed  watersheds  has  been  about  3G  percent  less  than 
i.n  the  grazed  watersheds  and  sedi.ment  yield  nas  been 
about  U.S  percent  less.  The  greatest  change  in  each  or 
the  relationships  occurred  about  3 years  after  livestock 
were  excluded  from  one  watershed  of  eac.n  or  the  pairs. 
Rreli.minary  studies  indicate  that  within  simz 
phys iograp.hy , runoff  is  directly  related  to  r 
of  bare  soil  oresent  on  a watershed. 


.ne  percentage 


Marston,  R.  3.  13  52.  Ground  cover  recyuirements 


storm  runorr 


'-^ntrol  on  asoen  sites  i.n  nort.nern  uta.n. 


'J  : 3 
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Results  from  2 3 su.mmer  storms  showed  erosion  to  be 
negligible  (lass  than  1 cubic  foot  per  acre  ) ■ when 
or  less  of  the  rainfall  ra.n  off  as  overla.nd  flow. 
Erosion  increased  raoidly  with  greater  a.mcunts  of  storm 
runoff.  Because  stable  soil  is  a first  recyuisite  in 
land  manageme.nt , 5%  storm  r’uncff  appears  to  be  t.ne 
maxi.mu.m  allowable  for  watershed  protection  purposes  on 
this  type  of  land. 


Curing  major  storm.s , with  rainfall  rates  i 
3.00  inches  per  hour,  a ground  cover  of  at 


— ^ sxesss  C- 
* least  55% 


IS  neecec 


keen 


T to  .ess  tnan 


Marston,  R.  3.  1353.  Parrish  Canyon,  Jtah:  A lesson  in 

flood  sources.  J.  Soil  5 water  Censerv.  13:15c-l=7. 


Runoff  was  measured  for  11-years  on  an  undisturbed 
site.  Following  this  calibration  period,  cover  was 


removec  anc 


'MHorr  2.nc 


ires  1C r.  were  grear ly  ir.creasec . 


o 


nign  erosion  rates  on  catc.n.ment  s.opes  i.n  “ 
have  been  aggravated  by  heavy  grazi.ng  a.nd 
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Martir. . 


i 3 / : . 


and  V/arer  Ccnserv.  30:135-133. 


’.vhy  graze  semidesert  ranges? 


Soil 


o 


Population  increases  are  dra.matically  changing  land 
use  in  the  arid  Southwest.  Range  livestock,  however, 
require  little  fossil  fuel  to  make  high-quality  food 
from  forage  that  is  otherwise  uneconomical  to  harvest. 
Good  grazing  management  can  control  erosion,  and  improve 
forage,  wildlife  hahitat,  esthetics,  and  recreation. 


105.  .Mason,  L.  R.  1970.  A look  at  range  relicts, 
'.v’ater  Conserv.  25:13-19. 


Soil 


-A.  range  site  of  2,7  00  to  3,07  5 ft  which  had  never  been 
grazed  had  an  esti.mated  vegetation  production  of  1, 10  0- 
lb/ acre.  Vegetation  was  mainly  shrub  with  aircut  4.% 
grass.  Erosion  and  other  features  usually  interpreted 
as  an  indication  of  over  grazing  were'  present.  Two 


jther  range  sites  shewed  wind  an; 
:o  grazing  use. 


;ater  arcs  con  no 


t due 


105.  Meehan,  W.  R.  , ?.  J.  Swanson,  and  o'.  R.  Sedell.  19  77.  In- 
fl'uences  of  riparian  vegetation  on  aquatic  ecosystems 
with  particular  reference  to  salmcnid  fishes  and  their 
food  supply.  In  Lmportance,  Preservation  and  Manage.ment 
of  Ricarian  Habitat:  .A.  Symoosium.  “crest  Serv.  -Gen.  Tech. 
Rot.  R:-!-^3:  13'-1-5. 


O 


stream  ecesyste.m  including  the  habitat  of  sal.monids . 
Shade  and  organic  detritus  from  the  riparian  zone 
control  the  food  base  of  the  strea.m  and  large  woody 
debris  influences  channel  morphology.  Temporal  a.nd 
spatial  changes  in  the  riparian  zone,  the  indirect 
influe.nces  of  riparian  vegetation  on  sal.mcnids,  and 


l3.3.  -ivestcc.<  grazing 
Soil  5 Water  Conserv. 
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137. 

Meehan,  W.  R.  and  >/ 

. C. 

?L 

and  the  acuatic  environment. 
23  : 274-273*. 


Reviews  livestock  grazing  impacts  on  water  resources, 
quantity,  quality,  and  fish  habitat.  Suggestions  for 
future  research  in  the  acuatic  habitat  area  are  made. 


Meeuwig , R.  C.  1955.  Effects  of  seeding  and  grazing  on 
infiltration  capacity  a.nd  soil  stability  of  a sub-alpi.ne 
range  in  central  Utah.  -J.  Range  Manage.  13;137-13C. 


Seven  years  after  discing  and  seeding  to  grass,  mai.n 
eczects  were:  decreased  or-^anic  matter  and  cac'*''--^'^^/ 
porosity  i.m  the  s'urface  soil,  greater  soil  bulk  density, 
and  decreased  clant  and  litter  cover.  Seeding  did  not 
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significantly  effect  infiltration  or  soil  stability. 
Grazing  during  the  previous  - years  decreased  piano 
and  litter  cover  and  ncn-capillary  soil  porosity,  but 
increased  capillary  porosity  in  the  surface  soil  and 
decreased  infiltration  and  soi_  staoi_ity. 


-Meeuwig , R 


13o0.  Watersheds  and  S — A soudy  of  surface 


runoff  and  erosion  in  the  subalpine  zone  or 
J.  For.  33:535-550. 


:entra^ 


Flood-source  areas  cannot  be  restored  by  exclusion  or 
grazing  alone.  Other  rerzedial  neasures  are  recuired 
to  restore  watershed  stability. 


C 


soij.  erosion  as 


Meeuwig,  R.  C.  1370.  Infiltration  and 

influenced  by  vegetation  and  soil  in  northern  Uta. 

Range  Manage.  23:133-138. 

The  influences  of  vegetation,  soil  properties,  and  slo 
gradient  on  infiltration  capacity  a.nd  soil  stability  o 
high-elevation  herbland  on  the  Viasatch  Front  i.n  ncrthe 
Utah  were  investigated  under  si.nulated  rainfall  conditions 
Results  e.nphasize  the  i.oiportar.ce  of  vegetation  a.nd  litter 
cover  in  r.ai.ntai.ni.ng  infiltration  capacity  and  soil 
stability.  I.nf iltration  is  also  affected  signif icantly 
by  soil  orooerties,  notably  bul'-c  density,  aggregation 
a.nd  moisture  contenz. 


i'leir.an,  J.  R.  and  S.  H.  Kunkle.  1: 
water  oyuality  control.  U.  Soil 


.va' 


:er  Conserv.  2 2:57  -' 


Comparisons  of  turbidizy,  suspended  sediment,  and 
indicator  bacteria  bemwee.n  an  uni.mpacted  and  i.mpacted, 
by  grazi.ng  and  irrigation  watersheds. 

Results  shewed  bacteria  to  be  a betmer  i.ndioaoor  of 
land  use  than  either  suspended  sediment  or  turbidity. 
The  study  indicated  a strong  relationship  between 


bacteria  ar 
of  the  yea: 


over_anc  o_ow,  stream  ciscnarge,  a: 


i.tnoacted  strea.ms. 
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Mi  I.n  e , 


. M.  1375.  effect  cf  livestoc; 
on  a western  mcu.ntain  stream.  Trans 


« u -u  u e ; 


iz  ooeration 


.Ani.mals  mav  be  confi.ned  duri.nz  harsh  winter  conditions  - 


exmeriencec  i.n  t.ne  i.ntermcuntai.n  western 
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Results  of  this  study  concluded  that  such  practices 
have  little  effect  on  stream  chemical  trooerties;  a 
significant  effect  on  oactericlogical  parameters  which 
is  short-lived  from  the  source;  and  bacteriological 
parameters  appear  to  be  mere  suitable  for  this  type 
of  analvsis. 


9 


113.  Mullen,  G.  J. , R.  M. 

Effects  of  animal 


Jelley,  and  D.  M.  Mc.^.leese.  1974.. 
treading  on  soil  properties  and 


pasfure  production.  Irish  Agric.  Res.  13:171-130. 

In  a three  year  experiment  treadi.ng  i.ncreased  bulk 
density  and  surface  roughness  and  decreased  aggregate 
stability,  soil  permeability  and  herbage  production. 
There  were  no  significant  differences  between  the 
affects  of  the  two  treading  rates  (2.0  and  5.*2- 
animals/ha).  Herbage  growth  was  better  on  ploughed 
a.nd  paraquat-treated  soil  t.han  on  undisturbed  pasture 
soil,  in  two  of  the  three  years. 


-Munns . E.  M.  1947.  Hydrology  of  western  ra.nges.  J.  Soil 
3 Water  Conserv.  2:139-l4u, 


In  this  paper  the  author  reviews  early  development 
of  the  rangelands  of  the  west  and  their  over-use, 
abuse  and  eventual  deterioration.  Ercm  this  he  reviews 
very  briefly  some  of  the  early  work  done  in  the  west  to 
control  overland  flow  and  mud  rock  flows  from  trincioallv 
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e. evasion  watersnec  .ancs  • ■^.csr 

C ^ ' 


e described 


wcr.<  comes  trom  t.nat  cene  at  laves  County,  -.ta.t. 

Murai,  H.  , Y.  Iwasaki,  a.nd  M.  Ishii.  19'3.  Effect  on 

hydrological  conditions  by  the  exchangi.ng  of  ground  cover 
from  forest  land  to  grass  land.  Intern.  .Assoc.  Sci.  Hydro  1 
Rub.  117;457-u5u. 


v-onverseon  rrem  rorest  to  grass  cecreased  e.nteltrateon 
rates  in  mountainous  land.  Livestock  graci.ng  super- 
i.mposed  on  the  conversion  decreased  infiltration  rates 
avan  , 

115.  Olson,  O'.  C.  19ti9.  Relations  between  soil  depth  and  accel- 
erated erosion  on  the  Wasatch  Mcuntai.ns . Soil  Sci.  57: 

4ii7-a£l. 


Shallow  soils  or  these  with  a light  clay  subsoil 


additional  measrues , 
and  reseeding,  besides  reduction  or  eli.t.ination  of 
heavy  livestock  use  to  restabilioe. 


a s .n 


:cil  porostty  and  bulk  dnesity  on  grated 


and  protected  Kentucky  blue  grass  ra.tg= 
w . Range  Manage  . 1 : 5 0 — 3 5 . 


na  ^ 
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Sells  sa.T.clas  from  four  exclcsures  and  acjacsn-:  grazed 
sites  were  analyzed  for  bulk  density  and  tore  voluzie 

Cc.T.taction  was 


t3  deterTZzne  tne  erzects  cr  grazir 
detected  in 


:nlv  the  tot  ^ inches  cf  the  soil  at  tve 


sates  7 


^ 0 


2 anenes  at  a tnarc  sate,  ana 


reaca.y 


aooarent  at  tne  zeurtn  sate.  .ex.ure  c-asses  anc  age 
of  the  exclosures  appears  to  be  i.r.portant  considerations. 

K.  K.  1370.  Runoff  and  erosion  control  by  seeded 
and  .native  vegetation  on  a forest  burn:  Black  Hills, 

South  Dakota.  "or.  Ser.  Res.  Rap.  RM-53:  12  p. 

Growth  cf  seeded  species  in  combination  with  reestablish.me; 
cf  native  vegetation  reduced  overland  runoff  and  soil 
erosion  to  tolerable  levels  withi.n  one  to  four  growing 
seasons.  Gross  rainfall  was  a poor  indicator  cf  runoff 
and  soil  erosion  from  small  clots.  Trends  were  best 


defined  by 

dec 1 in 

production 

per  un 

ground-oov 

er  dens 

oostulated 

as  the 

/ (.iive  vegetation  pius  fitter;  is 
ini.mum  necessary  for  soil  stabilizatic 
This  cover  density  al.most  certainly  could  not  have  bee.n 
reached  within  the  --year  study  period  without  seeding. 
Seeded  grasses- ti.mothy  and  .<entucky  bluegrass  on  coarse- 
textured  soil  and  ti.mothy  and  smooth  brom.e  on  fine- 
textured  soil-were  especially  important 
dispersion  a.nd  abundance,  and  persistence 
0 reduction . 


:ecause  or  tne: 

**  * ^ -Y-* 
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r.ecovery  rrom  s; 


grass  range  in  tne  o_ac.<  .-.i__s 


compaction  on  ; 
Trans.  .-.S.aZ  12  :i; 


:_ue- 


Mct  until  the  second  year  after  fencing  did  soils  on 
heavily  grazed  bluegrass  range  show  significant  i.ncrease 
in  macropere  vol'ume.  Infiltration  capacities  also 
^3 wC  sne  s c*”  iscr's— S'Si. 
that  iTicre  than  one  season  cf  protection  is  necessary 
for  significant  soil  recover'/. 


Ra.nge  hange.  5:-05--ilii 


Stori.ng  rainfall  at  the  grass  roots. 

L , 

Range  condition  and  water  intake  are  discussed  for  sites 
in  Texas  and  Oklahoma.  Generali'/,  infiltration  'was 
higher  with  better  range  condition,  unless  there  was  a.n 
i.mpermeable  layer  restricting  moisture  mcvem.ent. 


-\e_aticns: 


!S  zefwe: 


to  water  .css  were  a_sc  i.nc_ucec. 
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This  study  was  carried  out  on  a portion  of  the  Boise 
River  watershed  in  Idaho.  The  study  was  designed  to 
find  out  what  influence  trampling  had  on  bluebunch 
wheatgrass  and  cheatgrass  ranges  which  normally  had 
sufficient  protective  cover  (approximately  7G%  cover 
or  more).  The  70%  figure  includes  aerial  plant  cover 
plus  litter  and  roc.k  cover.  Following  the  artificial 
tra.mpling,  a modified  type  F inf iltrometer  was  used. 

The  study  showed  that  if  the  given  site  had  30  to 
95%  initial  ground  cover  that  overland  flow  and  soil 
erosion  was  maintained  at  a safe  level  even  under  50% 
trammeling  disturbance.  If  initial  ground  cover  on 
wheatgrass  and  cheatgrass  sites  were  in  the  range  of 
70  to  35  perce.nt,  than  a trampli.ng  disturbance- of 
frcmt.  20  to  1^0%  caused  increases  in  overland  flew  and 
soil  erosion  beyond  that  which  was  considered  a safe 
ma  X i.mum  ammC  un  t . 


122.  Packer,  ? 

Tallat 


. 1363. 

Zl.k  wint 


Soil  stability  requirements  for  the 
range.  J.  Wildl . Manage.  27 ; uOl-410 . 


From  various  plots  which  were  installed  to  measure 
ground  cover  density,  soil  bulk  density,  and  soil 


eroded  by  high- inte.nsity  rainfall,  it  was  found 


T ^ 3 


management  oc;ect:_ves  ror  restoring  anc  maintainin 

riis  eDc  winter  ran.te  inciuie  ^ 


seal  stabilitv 


f'over  densities  of  at  least  70%  and  soil 


ounc 

ities 


o 


no  greater  than  1.04  g/cc. 

Paulse.n,  H.  A.,  Jr.  1 37  5 . Range  m.anaga.ment  in  the  cen 

and  southern  Rocky  .Mcuntai.ns : A.  3u.tumary  of  the  statu 


..  a-i. 

s of 


our  knowledge  by  range  ecosystem.s . 
-RM.-154:  34  o. 


F or . Ser 


Res.  ?ao 


Sumunarices  a series  of  ccmprehe.nsive  reports  on  the 
seven  recognized  ecosystems:  Sem.idesert  grass-shrub, 

southwestern  chaparral,  pi.nyon- juniper , central  Rockies 
penderesa  pina-bunchgrass , .Arizona  penderesa  pi.ne- 
bunchgrass,  m.ountain  grassland,  a.nd  alpine.  Includes 
what  is  known,  what  can  be  recocumended , and  what 
additional  information  is  needed  for  each  ecosyste.m. 


.rson. 

'>3  . r*. . , '.3  . A . u un 

1375  . 

Effects  of  graz 

water 

spray  fields. 

. Fowler,  and  I.  M.  Mitchell 
i.nf iltration  rates  in  waste- 
. See.  -Am.  Rroc.  33;35--957. 


Many  food-processors  use  grass-covered  sprayfields  for 
treating  waste  water.  These  fields  are  generally  m.owed 
one  or  micre  tim.es  each  year.  To  eli.mi.nate  m.cwing 
costs,  such  fields  could  be  fenced  and  used  as  irrigated 
past'ures.  However,  since  the  pri.rn.ary  purpose  of  suc.n 
fields  is  waste  water  treatment,  adverse  affects  on 
infiltration  m.ust  be  avoided,  particularly  in  areas 
with  shallow  soils  that  cannet  be  manipulated  for  over- 
land flow. 
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A pcrrion  of  a focd-procasscr  s wastawaoar  oraatTTer.o  ■ 

field  was  fenced  and  grazed  for  approxiciaoely  5 nonrns 
during  rhe  summer  and  fall  of  2 successive  years.  The  / 
soil  series  was  Sassafras  sandy  loam  and  one  grass 
species  were  'Kentucky  31'  tall  fescue  ( Festuca  elatior 
var.  arundinacea  (Schreb.)  Wiomi. ) and  crchardgrass 
(Dactylis  glomerata,  L. ) . 

The  infiltration  rate  at  saturation  was  measured  frequently 
throughout  the  period  of  grazing.  It  was  found  that 
trampling  reduced  the  infiltration  rate  from  an  initial 
value  of  2-2.5  cm/hr  to  a final  value  of  0.3  cm/hr. 

123.  Pic.kford,  G.  I.  1332.  The  influenoe  of  continued ‘heavy  grazing 
and  of  promiscuous  burning  on  spring-fall  ra.nges  in  Utah. 
Ecol.  13:153-171. 


C 


Primarily  concerned  with  vegetation  type  changes  following 
grazing,  burning,  and  grazi.ng-burning  treatments.  Results 
indicated  for  heavy  grazing  a decrease  in  total  plant 
density  with  a shift  from  perennial  grasses  to  sagebrush. 

.25.  Platts,  W.  S.  1373.  Livestock  interactions  with  fish  and 

aquatic  environments:  Problems  in  evaluation.  I.n  Trans. 

43rd  North  .Amer.  Wildlife  and  Natural  Rescur.  CoioT.  : ^33-504  . 

Present  grazing  systems  are  not  com.patible  with  the  envir- 
onmental needs  of  strea.m.s  . 

A methodology  is  presented  to  determ.ine  more  quantitatively 
the  Lmtacts  of  grazing  on  fisheries.  Meeds  include  remov- 
ing the  natural  variation  and  unbiased  evaluation  of 
stream  environment  conditic.ns  . 


Platts,  W.  S.  1373  . Livestoc.k  interactions  with  fish  and  their 
environments:  .A  symposium  summary.  ^ Cal.-Mev.  Wildlife 

Trans .:  32-36 , 


.Assesses  the  influence  livestock  have  on  aquatic  and 
riparian  environments , provides  recommendations  for  .more 
compatibility  between  livestock  grazing  and  fisheries, 
lists  management  objectives  for  protecting,  restori-ng, 
or  enr.ancing  fish  and  riparian  habitats  , and  describes 
beneficial  management  practices.  The  importance  of 
recognizing  the  riparian  ecosystem  as  a separate 
manazement  'unit  within  the  range  system  was  emphasized. 


C 


123.  Ratliff,  R.  2).  and  3.  I.  Westfall.  1371.  Mon-grazing  and 
gophers  lower  bulk  density  and  acidity  in  annual-plant 
soil.  For.  Ser.  Res.  Mote  PSW-234:  up . 

.After  34  years  of  non-grazing  use,  the  soil  exhibited 
lower  surface  bulk  density  and  acidity  than  an  adjacent 
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, r.  1955.  Water- inf iltraticn  studies  in  the  Bighorn 
tional  Forest.  Wyoming  Agr.  Exp.  3ta.  Cir.  .'lo . 62.  7 p. 

One  hour  inf iltrometer  runs  were  made  on  pastures  which 
were  pitted  and  non-pitted.  Generally,  lightly  grazed 
pastures  had  higher  infiltration  rates  at  the  end  of  the 
test  period. 

The  pitted  range  held  39%  more  water  during  the  second 
30-min.  period  of  the  test  from  the  adjoining  non-pitted 
rang  e . 


Rauzi,  F.  1950.  Water-intake  studies  on  range  soils  at  three 
locations  in  the  .Northern  Plains.  J.  Range  Management. 
13:179-134. 


One  hour  inf iltrometer  tests  were  made  at  one  Worth 
Dakota  and  two  Montana  sites.  Vegetation  and  litter 
analyses  were  also  concluded  i.n  conjunction  with  the 
infiltrometer  runs.  Sites  were  classed  as  high  or  fair 
range  condition  and  low  or  poor  condition. 


Ranges  rated  in  high  condition  absorbed  almost  three  ti.mes 
as  much  water  as  those  rated  in  low  co.nditions . 

Regression  analysis  was  employed  to  determine  t.he  effects 
of  vegetation  and  mulch  on  infiltration,  and  it  was  fou.nd 
these  two  variables  could  account  for  45-34  percent  of 
the  variation  depending  on  the  site. 


Rauzi,  F.  1963.  Water  intake  and  plant  composition  as  affected 
by  differential  grazing  on  rangeland.  J.  Soil  S Water 
Censer.  13:114-115. 


Infiltration  studies  were  conducted  on  native  pasture 
grazed  at  three  different  i.ntensit ies . Results  indicated 
that  loss  of  surface  cover  and  heavy  grazing  reduced 
water  intake.  Total  i.nf iltration  on  the  moderately  grazed 
site  was  1.5  times  greater  than  the  heavy  grazed  sites. 

The  'cngrazed  area  had  a cumulative  of  1.3  times  that  o.n 
the  moderately  grazed  site. 


Rauzi,  F.  and  .A.  R.  Kuhlman.  1961.  Water  intake  as  affected 
by  soil  and  vegetation  on  certain  western  South  Dakota 
rangelands.  J.  Range  .Management  14:257-271. 


During  the  summer  months  of  1957  and  1953,  water  intake 
studies  were  conducted  on  rangeland  watersheds  in  the  ten 
to  fourteen-inch  precipitation  belt  .new  Mewell , South 
Dakota. 

Data  from  four  range  sites  on  four  watersheds  showed  that 
water- intake  rates  were  correlated  with  ranee  sites,  as 


c 
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napped  by  the  SC3 , where  the  range  ccndition  class  was 
comparable.  The  effects  of  surface  conditions  such  as  ■ 
texture,  cracking,  and  amount  of  cover  are  important 
factors  but  during  prolonged  rainfall  sub-surface  features 
become  important  in  determining  the  amount  of  water 
absorbed  during  a storm  event. 

.33.  Rauzi,  ?.  and  C.  1.  Hanson.  1956  . Water  inta-ke  and  runoff 
as  affected  by  intensity  of  gracing.  J.  Range  Manage.ment 
19:351-556. 

Water  intake  rates  on  differentially  graced  rangeland 
watersheds  had  a nearly  linear  relationship  with  t.he 
heavily  graced  watershed  the  lowest  and  the  lightly  graced 
watershed  the  highest  rata.  .Annual  runoff  was’  greatest 
from  heavily  graced  watersheds  and  least  from  the  highly 
graced.  Storm  characteristics  were  a factor  in  the 
oroduction  of  runoff. 


c 


13^.  Rauci,  F. , C.  L.  Fly,  and  E.  J.  Dyksterhuis.  1953.  Water 

intake  on  mid-conti.nental  ra.ngelands  as  influe.nced  by  soil 
and  plant  cover.  USTA  Tech.  3ull.  Mo.  1390:  53p. 

Infilcration  studies  were  conducted  wich  a sprinkling 
inf iltrometer  on  rangeland  sites  i.n  six  states  in  the 
northern  and  central  plains.  .-nalysis  indicated  that 
i.nf iltration  in  the  second  thirty  minuces  of  che  1 hour 
run  was  most  clearly  correlated  with  vegetal  cover  or 
total  weight  of  herbage.  Soil  strucc'cre  was  the  .most 
imoortant  soil  oara.meter  in  terms  of  infiltration. 


-I  -j  c 


Rauci,  F.  and  F.  M.  Smith.  1973.  Infiltration  rates: 


soils  with  three  crazing  1 


.\ange  Manageme: 


s-=L--..5  levels 


in  northeastern  Colorado. 


The  influence  of  soil  type,  gracing  level,  and  vegetation 
on  infiltration  rates  were  evaluated  at  the  Central 
Plains  ExperLmental  Range  near  Mu.nn,  Colorado.  Total 
plant  material  was  significantly  correlated  with  i.nf  iltra- 
tion rates  on  two  of  the  three  soil  types  tested.  Heavy 
grazing  significantly  decreased  infiltration  rates  on  two 
of  the  soil  types.  Crazing  influences  did  not  reduce 
infiltration  rates  after  20  minutes  of  simulated  rainfall. 


_ j ; 


Read,  R.  A. 


1937. 


Effect  of  livestock  concentrate 


'.  surrace- 


soil  porosity  within  shelter  belts. 


For . 55:529-530. 


3ul.k  density,  total  pore  space,  and  large  pore  space  of 
surface  three  inches  of  soil  were  compared  for  three 
South  Cakota  shelter  belts.  Results  indicated  statistical! 
3 * r* a CSS  w scwssH  ^ si  3 I. c s s 
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Raed,  M.  J.  and  R.  A.  Rerarson.  1951.  VageraLicn,  soil  and 
cat-la  resconses  to  gracins:  on  northarn  Great  Plains  Range. 
USDA  Tech.  Bull.  .Mo.  1252  :~79  o. 

Study  was  conducted  frc.'c  1932-1945  on  both  winter  and 
surmer  ranges;  infornation  on  stocking  rates  was  given. 
Heavy  summer  grazing  reduced  litter  cover,  volume  of 
roots,  and  organic  matter  of  the  surface  soil.  Bulk 
density  increased,  and  infiltration  rata  decreased  as-  did 
depth  of  watar  penatratio.n . Intermediate  and  light 
stcc.king  levels  during  the  summer  as  well  as  winter  grazing 
did  not  indicate  as  much  of  an  effect. 


133. 


Reigner,  I.  C.  1351. 
Mew  Yor.k.  For.  Ser 
44:17  p. 


Erosion  studies  on 
, Mcrtheast  Forest 


the  Schoharie  Watershed, 
Exp.  Sta. , Sta.  Paper 


Sedimentation  of  Schoharie  Reservoir  was  measured  in  1950, 
when  drought  had  dropped  water  levels  to  record  lows. 
Accumulated  sediment  had  reduced  total  capacity  by  1.75 
percent  in  24  years.  Fifty-five  percent  of  the  watershed 
is  covered  with  forest  and  43.3  percent  is  in  grass. 
Forty-six  percent  of  the  watershed  was  moderately  eroded; 

8 0 percent  of  this  area  was  in  grass.  Only  0.3  9 perce.nt 
of  the  watershed  was  severely  eroded.  Road  banks , stream- 
banks,  and  reservoir  shore  lines  contributed  about  5 per- 
cent of  the  sediment.  Better  grazing  practices  could  do 
much  to  prevent  erosion.  A thorough  study  of  the  water- 
shed, with  view  to  planning  a land-use  program,  is 
recommended . 


133. 

Rhoades , 

E . D . , 

L.  F.  Locke,  E.  H. 

.Me  11  vain , 

and  H. 

Taylor. 

1964. 

Watar 

intake  on  a sandy 

range  is  a 

“ “ a 

by  20  years 

of  di 

fr erent 

ial  cattle  stocking 

rates. 

. Range 

Manazement 

17:  135-190. 


Study  was  conducted  in  northwestern  Oklahoma  with  four 
levels  of  continuous  cattle  grazing  imposed  for  20  years. 
Infiltration  rates  were  inversely  propcrtional  to  grazing 
intansitv.  Bulk  densitv  and  oenetrometer  measurements 


indicated  that  grazing  compacted  the  soil.  little  soil 
loss  was  observed  even  on  the  heavily  grazed  sites. 


Infiltration  rates  were  correlated  with  quantity  of 
vegetative  cover,  living  and  dead,  and  range  condition 
class . 


140.  Rich, 


1311.  Recent  stream  tre.nchinz  in 


portion  of  southwestern  Mew 
of  vezetation  cover.  .-Amer. 


Mexcc 


5 

esul' 


iCC  . j : 2 ; / - 


e semi-arid 
f removal 


lescribes  the 
the  semi-arid 
evidence  that 


nature  of  the  recent  stream  trenching  in 
pcrtion  of  southwestern  Mew  Me:<ico  and  gives 
this  condition  is  the  result  of  the  removal 


337 


G 


of  vegeraoive  cover.  Sives  a descrioTion  ar.d  hisrory 
of  Cane  Springs  Canyon  as  a typical  valley  and  discusses' 
the  features  and  conditic.ns  of  the  valley  filling.  Motes 
that  existence  of  course  stream  gravel  overlying  finer 
alluvial  matter  in  the  bottom  of  trenches  indicates  that 
its  deposition  is  recent  and  due  to  increased  volume  of 
flood  waters.  Increased  vcl’ume  of  flood  waters  is  a 
result  of  increased  runoff  due  to  the  removal  of 
vegetative  cover  brought  about  by  over  stoc.king.  Sights 
historical  evidence  that  the  reduction  in  cover  as  a resul: 
of  over  stoci<:ing  has  taken  place  and  flood  increases  co- 
incident with  tre.nch  formation  are  of  recent  data. 


o 
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Rich,  L.  R.  1961.  Surface  runoff  and  erosion  in_the  lower 
chaparral  zone-.Ariccna.  For.  Serv.  , Reeky  Mtn.  Forest 
and  Range  Zxp . Sta.  , Sta.  Paper  .Mo.  65;  3 5 p. 

Two  watersheds  in  this  9 watershed  experiment  were  opened 
to  grazing  and  comparisons  were  made.  Comparisons  of 
the  areal  average  infiltration  capacities  for  a tan  year 
period  1932-41  indicated  no  grazing  effects. 

Rich,  L.  R.  and  K.  G.  Reynolds.  1953.  Grazing  in  relation 
to  runoff  and  erosion  on  some  chanarral  watersheds  of 


central  Arizona. 


Ran ge  Management  15:322-325 


These  data  suggest  that  chaparral  lands  of  central 
Arizona,  where  characterized  by  an  interspersion  of  shrubs 
and  perennial  grass  on  moderate  topography,  can  be 
properly  grazed  without  detriment  to  soil  stability  or 
water  regime.  If  no  more  than  40^  of  perennial  grass 
production  is  removed  at  the  end  of  the  summer  growing 
season,  ground  cover  does  not  deteriorate  and  appears 
sufficient  to  maintain  a stable  soil. 

Robbins,  J.  W.  D.  1973.  Environmental  impact  resulting  from 
unconfined  animal  production.  Environmental  Protection 
•Agency  Rpt.  E?A-oQ0/2-73-G45 : 34  p. 

This  report  outlines  and  evaluates  current  !<nowledge 
related  to  environmental  problams  resulting  from 
unconfined  animal  production.  Animal  species  directly 
addressed  are  cattle,  sheep,  and  to  a limited  exment , 

Information  for  the  retort  came  from  literature 


nogs , 

and  current  research  reviews  tlus  direct  inpu 
a group  of  17  specialists  in 


:ne  suo’ect  rze_c. 

Uncenfined  animal  production  utilizes  about  -Qh  of  'J.3. 
land  area,  consists  of  h'undreds  of  thousands  of  individual 
units,  receives  almost  50%  of  all  livestock  wates , and 
is  compatible  with  a high  oyuality  environment.  Associated 
environmental  problams  are  limited  to  those  that  affect 
surface  water  oualitv.  These  nonooint  source  oroblems 
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are  net  directly  related  to  number  of  animals  involved; 
they  are  intimately  dependent  on  hydrogeological  and 
management  factors  and  are  best  described  as  results  of 
the  erosion/ sediment  phenomenon. 


144.  Sampson,  .A..  W.  and  L.  K.  Weyl.  1318.  Range  preservation  and 

its  relation  to  erosion  control  on  western  grazing  lands. 
u.S.  Dept.  .A-gr.  3ull.  5 75  : 3 5 p. 

Discusses  erosion  damages  and  factors  determining  the 
amount  of  erratic  r’unoff  and  erosion.  Notes  the  effect 
of  silt  on  fish  and  other  aquatic  life.  Comments  on 
excessive  erosion  and  debris  deposition  due  to  flood  of 
•July  23,  1312,  at  head  of  Ephraim  Canyon  and  to  flood  of 
July  30,  1312  in  Becks  Canyon  in  the  Manti  Natlcnal 
Forest,  Utah.  Gives  preventative  and  remedial  measures. 

145.  Sarkisyan,  S.  S.  and  S.  F.  Shur-Bagdasaryan . 1357.  Interaction 

of  vegetation  and  soils  of  various  mountain  steppe  pastures 
overgrazed  and  eroded  to  different  extents.  Fochvcvedenie 
No.  12:37-44. 


Cn  lightly  grazed,  non-eroded  soil  in  Armenia,  the  sub- 
aerial and  subterranean  biomass  was  5-10  ti,mes  greater 
than  on  heavily  or  very  heavily  grazed  and  eroded  soils . 
Thic.kness  of  the  hu-mus  horizons  (A  + 3)  of  soil  decreased 
with  increased  grazing  i.ntensity,  and  those  horizons 
were  absent  from  very  heavily  grazed  soils. 


145 , 


Sartz,  R.  S.  1370.  Effect  of  land  use  on  the  hydrology  of 
small  watersheds  in  southwestern  Wisconsin.  I.n  S^tzposi'am 
on  the  Results  of  Research  on  Representative  and  Experimental 
Basins,  Wellington,  N.Z.,  LA3H/AIHS/UNESC0 : 235-235. 


Runoff  was  compared  between  a heavily  grazed  catchment 
(grazed  t.hroughout  t.he  growing  season)  and  a lightly 
grazed  catchment  (grazed  only  at  the  and  of  the  growing 
season) . Peak  flow  rates  were  three  times  hizher  from 
the  heavily  grazed  pasture  for  5 large  events  measured. 
Maximum  sediment  concentrations  also  indicated  the  effect 
of  increased  grazing  intensity. 

147.  Severson,  K.  E.  and  C.  E.  Boldt.  1373.  Cattle,  wildlife,  and 
riparian  habitats  in  the  western  Da:<otas . ^ .Management 

and  Use  of  .Northern  Plains  Rangeland.  Reg.  Rangeland 
Symp.  , Bismare.k,  .N.D.,  Fab.  27-23:  31-13  3. 


Impact  of  cattle  on  riparian  zones  is  considered.  Partic 
important  is  the  fact  that  these  zones  occupy  relativelv 
little  area  and  will  be  overused  no  matter  what  the 
stocking  rata.  There  is  an  indication  that  winter  grazi. 
does  not  seem  to  da.mage  riparian  zones  as  much  as  su.mmer 
grazi-ig.  Common  grazing  systems  two-  and  three-pasture 
deferred  rotation  did  not  appear  to  benefit  riparian 
zones.  Rest  rotation  has  not  been  evaluated. 
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.^a.  Sharp,  A.  L.  , . J.  Bond,  J.  W.  Meubergar,  A.  R.  Xuhlrar,  and 

J.  K,  Lewis.  1361a.  Runoff  as  affecred  by  intensity  of 


grazing  on  rangeland. 


Soil  S Water  Conserv. 


19 ; 103-106 
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In  studies  initiated  near  Cottonwood,  South  Dakota,  in 
136  3 , runoff  was  .measured  on  ranges  that  had  been  subjected 
to  light,  moderate,  and  heavy  grazing  since  1342. 

The  measurements  of  r’unoff  made  during  1363  indicate  that 
runoff  normally  increases  with  increases  i.n  pressure  and 
that  heavy  grazing  is  particularly  condusive  to  increasing 
the  proportion  of  rainfall  that  occurs  as  runoff.  However, 
the  data  also  show  that  with  unusually  abundant  rainfall 
over  a period  of  time,  r’unoff  from  lightly  grazed  areas 
may  be  greater  than  from  those  moderately  or ‘heavily 
grazed.  The  antecedent  scil  moisture  is  i.mportant  when 
considering  this  latter  point. 

Smeins , E.  1975.  Effects  of  livestock  grazing  on  runoff 
and  erosion.  Watershed  Management,  ?roc.  .A3CE  3ymp., 

A.ugust  11-13,  Logan,  Utah:  2 5 7-274, 

Review  of  domestic  livestock  production  impacts  on 
vegetation  and  soils  of  the  watershed.  Concludes  that 
moderate  grazing  may  .mot  increase  erosio.m,  but  could  in- 
crease r’uncff  in  relation  to  lightly  grazed  and  ungrazed 
areas . 


150 


Smith,  I.  R. 


1357  . 


^tracts  o 


f cattle  grazing  on  a oonderosa 


pine-bunchgrass  range  in  Colorado.  USDA  Tech.  Sul.  Wo. 
1371:  50  o . 


Three  grazing  intensities  were  employed:  1)  light  10-20 
percent  removal  of  current  growth  and  dominant  forage 
grasses;  2)  moderate  OG-aaO  percent;  and  3)  heavy  greater 
than  50  oercent. 
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Erosion  rates  measured  by  an  inf iltrometer  were  two  to 
four  times  higher  under  heavy  grazing  than  light  grazing. 

Infiltration  rates  decreased  in  an  area  protected  from 
cattle  grazing  for  11  years,  while  they  remained  about 
the  same  for  the  intensity  of  grazing  over  the  other 
sites . 

Springfield,  H.  W.  1975.  Characteristics  and  management 


scutnwestern  pinycn-' -oniper  ranges 


jcnowlecge . 


For.  Serv.  Res.  Faoer  RM-150 


Tne  status  or  our 
32  o . 


The  major  problem  in  the  pinycn- j uniper  type  is  widespread 
deterioration  of  the  range  resources  due  to  overgrazing 
and  increases  in  tree  density.  Ceneral  guidelines  are 
available  for  judging  the  condition  and  -grazing  management 
of  pinycn- j uniper  ranges,  as  well  as  for  deciding  where 
a.md  how  to  control  trees. 


340 


< 

15  2. 

Stei.nbre.nner , E.  C.  19 

51.  Effect 

of  grazing  on  floristio 

composition  and  soil 

orotert ies 

of  farm  woodlands  in 

southern  Wisconsi.n. 

j.  For.  iJ.9: 

: 905-910 . 

Grased  and  '^ingraaad  sires  were  compared  in  six  wcodlots 
locared  in  Wisconsin.  Water  permeability  indicated  that 
ungrazed  sites  could  transmit  water  from  3.3  to  2tA5 
times  faster  than  grazed  soils.  Porosity  was  greater  on 
'ungrazed  vs.  grazed  sites,  as  was  organic  matter  content. 


153  . 


Stephenson,  G.  R.  and  L.  7.  Street.  1973.  Bacterial  variations 
in  streams  from  a southwest  Idaho  rangeland  watershed.  J. 
Environ.  Qual.  7:150-157. 

Sources  and  variations  in  bacterial  indicators  are^repcrted 
from  stream  sites  over  a 3-year  period  on  a 233  fCz*'  range- 
land  watershed  in  southwest  Idaho.  The  occurence  of 
fecal  conforms  was  indirectly  related' to  the  oresence  of 
cattle  on  summer  ra.nge  a.nd  winter  pastures.  Fecal  coliform 
counts  in  adjacent  streams  were  found  to  increase  soon 
efter  cattle  were  turned  in  and  remained  high  for  several 
months  after  cattle  were  removed. 


Runoff  from  rains to 
coliform  concantrat 
li.mited  manageme.nt 
ru.no  ff  from  snowmal 


counts 

varied  mroe 

fecal 

coliform  coun 

■under 

same , 

except:  caccer 

tersistent . 


■ms  i.ncreased  both  total  and  fecal 
•c.ns  i.n  streams  on  summer  range  with 
and  adjace.nt  to  wi.nter  pastures,  but 
' had  little  effect.  Total  coliform 
•ith  change  i.n  streamflow  than  did 
;s.  In  fenced  summer  range  allotments 
,.ng  management,  the  affects  were  the 
al  counts  were  not  as  high  cr 


The  decrease  in  bacterial  conce.ntraticns  at  several 
downstream  sa.mpli.ng  sites  i.ndicated  that  certai.n  strea.m 
segments  were  self-purifying . The  prese.nce  or  absence 
of  livestock  along  the  streams  overshadow  any  effect 
variations  in  chemical  conce.ntration  of  the  water  might 
have  on  bacterial  concentrations . 


Stewart,  G.  and  C.  1.  Forsling.  1931.  Surface  run-off  and 
erosion  in  relation  to  soil  and  plant  cover  on  high  grazing 
lands  of  ce.ntral  Utah.  J.  .Amer.  Soc.  .Agrcn . 23:315-332. 


Results  are  presented  from  2 experimental 
apprcxi.mately  equal  area  in  central  Utah, 
of  about  12,000  feet. 


watersheds  of 
at  an  elevation 


Cf  the  total  r’un 
cover)  during  19 
and  due  to 

however,  carried 
After  the  plant 
the  total  r'un-of 


5-1920,  was  due  to  summer  rainfall 

.melted  snow.  The  summer  rainfall, 

3 0.1%  of  the  total  sadim.ent  re.mcved. 
over  had  i.mmrcved  to  ^0%,  only  1.3%  of 
resulted  from  sum.m.er  rains . 
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3y  increasing  the  cover  cn  the  depleted  area  to  cover, 

the  total  sedinent  eroded  decreased  ^5%  and  the  artcunt  -■ 


S~V. 


in  each  IGOi 


:uhic  feet  o: 


'un-crt  water  cecreased 


Even  when  the  previously  depleted  area  was  restored  to  ‘^0% 
cover  the  r’jnoff  and  seditient  production  was  greater  than 
the  continuously  well-vegetated  area.  Roughly,  3 to  5 tines 
as  much  total  water  ran  off  the  area  with  the  ooorer  olant 


cover . 
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155.  Stewart,  G.  R.  1933.  A study  of  soil  changes  associated  with 
the  tra-nsition  fron  fertile  hardwood  forest  land  to  pasture 
types  of  decreasi.ng  fertility.  Ecol.  Monogr.  3:107-1^15. 

Typical  soil  conditions  associated  with  the  growth  of 
hardwood  forest,  pasture  grasses,  and  ness  and  fern  ware 
investigated  in  central  Mew  York.  Change  fron  trees  to 
grass  resulted  in  a loss  of  pemeability  to  water,  smaller 
water-holding  capacity,  and  lessened  air  space.  Forest 
soils  and  better  pasture  types  have  significantly  deeper 
A and  3 horizons  than  did  the  poor  grazing  land,  or  the 
moss  and  fern  areas.  Root  growth  of  better  pasture  grasses 
was  more  extensive  than  that  of  the  poorer, 
possessed  the  highest  initial  content  of  nutrates. 


Forest  soils 


Kentuc.ky  blue  grass  soils  had 
nutrients . 


ne  .tzg.nest  _evei 


•n  * ^>-•3 
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:rizr_er,  ,v, 


1954..  Sediment,  strea.mflow,  and  land  use 


relationships  in  northern  Lake  .Michigan. 
Rater  L3-15:  12  t. 


or . 


— C .a  V.. 


.".es  . 


ritnzn  a draznage  bason. 


Various  land  uses  were  compared 
Pasture  cccutiad  13  oercent  of  the  land  area  and  contributed 
24  percent  of  the  average  sediment  load.  Fluctuations 
in  stream  discharge  were  theoretically  higher  from  pastures 


157.  Swift,  T.  : 
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and  arroyo 

-i’--  Qri  Sansimon  wash  as  a result  of  cverT-re: 
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153.  Talbot,  M.  w . , n.  H.  Siswell,  ?.  3.  Rowe,  and  A 
1942.  The  San  Joaoyuin  Experi-mental  Range, 
and  experi.ments  in  the  program  of  the  San  Toaqui, 
Range.  Calif,  .-.gr.  Exp.  Sta.  3ull.  5 5 3 ;135-l-2. 


. Sampson.  _ 
ter  studies 

Ext  er  Ltental 


Eescribes  studies  on  artificial  reseeding  of  rangela.nd, 
runoff,  and  erosion  as  affected  by  cattle  grazing,  and 
the  chemical  composition  of  i.mpcrtant  range  plants. 

Mine  l/-3-acre  plots  were  established  on  gentle  slopes 
with  grass  cover  for  the  r’onoff  and  erosion  studies.  The 
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piers  wars  leer  ur. grazed  during 
of  caliPrarion.  During  rhe  next 
light  ar.d  moderate  intensity  cf 
cant  increase  in  surface  r’zncff 
did  not  investigate  total  water 
heavy  grazing. 


^ rainy  seasons  for  pur 
two  seasons  grazing  of 
cattle  shewed  no  signif 
and  erosion.  The  study 
yield  nor  the  effects  o 


Tanner,  C.  3.  and  C.  ?.  Mamaril. 
by  anizial  traffic,  .ngron.  J. 


19  5 3. 

31:323 


Pasture  soil  coniDaction 

'J  w s • 


.Ani.’nal  traffic  caused  serious  ocr.paction  of  fine  textured 
pasture  soils,  severely  decreased  pore-stace  ouen  to 
a.eration,  and  caused  a 2C%  decrease  in  alf alfa-brome- 
Ladino  yields  during  the  first  pasturing  year  on  Cntonogan 
clay  load. 

Thilenius , J.^?.  1375.  Alpine  range  ranagetient  in  the 

western  United  States  — principles,  practices,  and  problems. 
The  status  of  our  knowledge.  For.  Ser.  Res.  Pao.  RM-137: 

32  p. 


Reviews  the  prese.nt  knowledge  on  the  ecology  and  manageme.n 
of  the  alpine  zone  in  western  N'crth  America;  describes 
the  characteristics  of  the  alpine;  covers  the  •znicue 
ecology  of  the  high-elevation,  cold-dominated , alpine 
ecosystems;  and  discusses  their  manage.ment , with  emohasis 
on  the  range  resource  and  its  relationship  with  other 
uses. 


Thomas,  9.  '•/.  and  V.  A.  Young.  13  3- . Relation  of 
rainfall  and  grazing  management  to  vegetation  — 
Edwards  Plateau  of  Texas.  Texas  .Agr.  Ext.  Sta. 
735:  22  p. 


301...S  , 

western 

3ull. 


Ring  infiltremeter  were  used  i.n  this  study.  Results 
indicate  the  sod  effects  on  initial  infiltration,  but 
in  terms  cf  a final  constant  rata  the  effects  were  seen 
in  only  1 sod  forming  type. 


Thompson,  J. 
a western 


R . 1353. 

watershed. 


3 ,:-o ; 


Infiltremeter  experi.ments  and  measure.ments  of  ground 
cover  and  soil  bulk  density  were  made  on  zrazed  and 
ungrazed  plots  of  sparse,  desert-shrub  type  vegetation 
growing  on  poor,  shallow  soils  developed  on  Manoos 
shale.  Results  indicate  that  infiltration  is  affected 
less  by  grazing  than  by  seasonal  changes  in  scil-surface 
characteristics . 

Tiedemann,  .A.  R-  and  H.  U.  3erndt.  1371.  Vegetation  and 
soils  of  a 30-year  deer  and  elk  exclos'ure  in  central 
Washington.  Northwest  Sci.  15:33-55. 
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Quanrity  cf  vegetation  and  litter  were  higher  in  an 
exclcsure  than  the  adjacent  area  still  accessible  to 
wildlife.  Nc  differences  in  the  soils  cf  the 
sites  were  noted. 
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Tri.tibla,  G.  R.  , C.  E.  Hale,  and  H.  S.  Potter.  19  51.  Effec 
soil-water  relationships.  For.  Serv. , Northeastern  For. 
Exo.  Sta.  Pao.  No.  39:  ^.110. 


or 


In  this  study,  grazing  was  indicated  as  having  the  greatest 


erfect  on  soiu-water  rej.ationsnaos 


Organic  natter  content 


was  reduced  by  32  percent  and  bulk  density  increased  by 
30  percent.  Water  novement  and  detention  storage  were 
reduced  in  the  upper  layers  (A  horizon) . 

Tremble,  J.  M.  , K.  Q.  Renard,  and  P.  Thatcher.  1974.  in- 
filtration for  three  rangeland  soil-vegetation  complexes. 
J.  Range  .Manage.  27:313-321. 

.A  rotating  disk  rainfall  simulator  was  used  to  examine 
infiltration-runoff  relations  from  selected  rangeland 
sites  as  influenced  by  a soil- vegetation  complex.  The 
simulator  assisted  in  quantifying  infiltration  rates  for 
different  management  practices  on  different  soil  types. 
I.nf iltration  was  greater  for  brush  dominated  plots  than 
for  either  grazed  plots  or  grass  plots  without  grazing. 
.Antecedent  soil  moisture  decreased  infiltration  rates. 
Crown  cover  was  approximately  twice  as  much  as  brush 
plots  as  on  grass  plots  and  significantly  i.tfluenced 
infiltration. 

1971.  Soil  and  grazing  influences  on  a salt- 


desert  shrub  range  in  western  Colorado. 
24: 31-37. 


Range 


Management 


G 


157, 


Responses  of  vegetation  and  ground  cover  to  winter  grazing 
by  livestock  and  to  exclusion  of  livestock  for  13  years 
were  observed  on  soils  derived  from  shale,  sandstone, 
and  a mixture  of  shale  and  sandstone.  .Although  distinct 
soil-vegetation  relationships  were  evide.nt,  changes 
attributed  to  grazing  were  relatively  small.  Vegetation 
and  other  cover  on  nongrazed  range  was  practically  the 
same  at  the  end  as  at  the  beginning  of  the  study.  Overall 
reductions  in  galleta,  shadscale  and  snakeweed  were  attri- 
buted to  drought,  while  differential  responses  of  Salma 
wildrye , Gardner  saltbush,  Greenes  rabbitbrush,  and 
annual  olants  were  ascribed  to  grazing.  Inherently  low' 


site  caoa. 


V and  subnormal  orecioitation 


believed  resoonsible  for  the  general  lac.<  or  response 
vegetation  to  exclusion  of  livestock. 


Si'  , 'J  . 
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Manageme.n 


mountain  grasslands  in  the  central  Rockies: 


status  0: 


c’lr  knowledge 


For.  Serv.  Res.  Pap.  R^^-151:  24  p. 


344 


Knowledge  is  generally  adequate  for  proper  grating 
oianageitent  .of  these  grasslands,  but  .tanagetient  and  itiorove- 
oient  costs  tend  to  be  relatively  high  because  of  their 
renoteness.  Suggested  itiprovetients  to  increase  range 
usability,  improve  forage  production , and  control  livestock 
must  be  coordinated  with  water  and  timber  production, 
and  wildlife  and  recreation  needs . 
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153.  U.S.  rorest  Service.  IS^^Q.  Influences  of  vegetation  and  water- 
shed treatme.nts  on  r’unoff,  silting,  and  streamflcw.  U.S.D.A. 
Misc.  ?ubl.  397:  3Qd. 


dealing 


159, 


This  paper  is  a summary  progress  report  of  research 
with  land-water  relationships,  particularly  the  basic 
relationships  between  land  use  and  r’unoff,  debris  deposition, 
the  shoaling  of  stream  channels,  silti.ng  of  reservoirs,  ■ 
and  other  phenome.na  that  have  followed  logging,  cultivat i.tg , 
ourncng  and  gracing.  Includes  a discussion  on  reservoir 
silting, 

7 an  Dcren,  C.  A.,  W.  L.  3urlison,  L.  E.  Card,  and  R.  F.  Fuelleman. 
19iiQ.  Effect  of  soil  treatment  a.nd  gracing  management  on 
:.he  productivity,  erosion,  and  r’unoff  from  pasture  land. 

'.  A-mer.  See.  .■\gron.  32:377-337. 
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Tlrts  were  treated  with  limestone  and  phosphorous  and 
regulated  and  i.ntensive  gracing  were  superi.mposed . On 
treated  plots,  regulation  of  gracing  increased  vegetal  cover 
3 to  4.  times  over  the  treated-intensively  graced  clots; 
no  difference  in  cover  was  noted  for  untreated  plots  under 
si'-her  gracing  scheme.  Essentially  the  same  pattern  held 
t2r  r’unoff  and  sedu..ment  with  treated-intensive  gracing 
having  more  runoff  and  about  the  same  soil  lossT  land 
with  no  soil  treatment  indicated  no  response  to  gracing 
management. 


O 


17  3.  Van  Keuren,  R.  W.  , J.  L.  McGui.nness,  and  F.  Chichester. 

1979,  Hydrology  and  chemical  quality  of  flow  from  small 
pastured  watersheds:  I.  Hydrology.  J.  Environ.  Cual. 

3 . 10.1  — mCo  . 


Surface  runoff,  soil  loss,  and  subsurface  flow  were 
measured  from  four  rotationally  graced  summer  pastures. 

3ne  of  these  past'ures  was  also  used  as  a winter-feedi.ng 
area.  Surface  r’unoff  ’/cl’umes  and  peak  rates  from  the 
three  pastures  used  only  for  summer  gracing  were  generally 
less  as  compared  with  ’/alues  for  earlier  years  when  the 
fields  ware  in  meadow  and  light  pasturing;  however, 
r’unoff  from  the  winter-feeding  area  was  markedly  increased. 
Seth  before  and  after  the  initiation  of  gracing,  the  area 
•used  only  for  s’ummer  gracing  but  a trace  of  soil  loss. 


O 


345 


O 


Mere  soil  was  lost  from  the  winter-feeding  area, 
particularly  during  the  dormant  season.  Water-balance  ■ 
studies  indicated  that  during  the  growing  season  surface 
run-off  and  subsurface  outflow  were  higher  and  evape-  1 
transpiration  (ET)  was  less  from  the  winter-feeding  area 
than  from  areas  summer-grazed  only.  Duri.ng  the  dormant 
season,  surface  runoff  was  higher  and  subsurface  outflow 
was  lower  from  the  winter-feeding  area  than  from  the 
summer-grazed  areas,  whereas  IT  was  similar. 

Whitman,  W.  C. , D.  Zellar,  and  J.  J.  Bjugstad.  1364. 

Influence  of  grazing  on  factors  affecting  water  intake  rates 
of  ranze  soils.  Abstract  from  ?roc.  M.  Dakota  .Acad.  Sci. 
13:71.' 

Comparisons  between  'ungrazed  or  lightly  grazed  and 
moderately  to  heavy  grazi.ng  on  seven  .range  soil  types  in 
North  Dakota  were  made  for  the  period  between  1962-53. 

Mo  effects  were  detected  on  organic  matter  content  between 
uses  and  bulk  density  was  1.15  g/cc  on  ungrazed  versus 
1.23  g/cc  on  grazed  sites. 


G 


Infiltration  rates  for  the  second  inch  of  applied  water 
averaged  5.0  in/hr  for  ungrazed  and  3.1  in/hr  for  grazed 
areas.  Reduction  i.n  mulch  was  given  as  the  reason  for 
reduced  infiltration  rates. 


173. 


Wind,  3.  ?.  and  C. 
soil  properties 
Irans.  3th  Int. 


J.  Schertherst.  1957.  The  influence  of 
on  suitability  for  grazing  on  soil  properties 
Co.ngr.  Soil  Sci.,  2 : 571-530  . 


The  bearing  capacity  depends  mainly  on  the  bulk  density 
of  the  topsoil;  during  grazing,  bulk  density  i.ncreasas 
by  compaction  until  the  bearing  capacity  equals  the  hoof 
pressure  of  the  cattle.  Trampling  damage,  instead  of 
compaction,  occurs  when  the  soil  is  wet  to  saturation. 

To  avoid  trampling  damage,  depth  of  the  ground-water 
table  in  peaty  soil  must  be  at  least  5 0 c.m  during  grazing 
in  wet  periods.  .Aeration  and  bearing  capacity  showed  an 
inverse  relationship. 

Woods,  C.N.  13-8.  Floods  and  the  grazing  of  livestock  on  the 


watersnecs  o 


^ f ‘ 


For.  ^5:357-339. 


A latter  concerning  generation  of  the  disastrous  floods, 
in  Utah.  The  author  takes  issue  with  a 
Supply  Paper  No.  3 3**,  Cloudburs' 


o . ^atar 


indicated  natural  phenomenon  not  land  use  aotzvztoes  oausao 
floods.  Mr.  Woods  provides  information  to  contradict 
the  conclusion  reached  i.n  Water  Supply  Paper  No.  39^*. 
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Woodward,  1.  and  G . W.  Craddock.  19^5.  Surface  runoff 
potentials  of  seme  Utah  range-watershed  lands.  U.  ?c 
u3: 357-353. 
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How  much,  when,  and  why  surface  r’unoff  occurs  on  mountainous 
range-watershed  lands  is  of  vital  concern  to  wildland 
managers  who  must  husband  limited  soil  moisfure  to 
maintain  productivity  and  at  the  same  time  protect  down- 
stream areas  from  damage  by  floods  and  sedimentation. 

This  paper  describes  the  rainfall  and  infiltration  charac- 
teristics responsible  for  overland  flow  on  some  of  the 
mountain  lands  in  Utah.  Basic  data  are  combined  in  three 
theoretical  analyses  to  shnw  (l)  the  amount  of  surface 
r’unoff  to  be  expected  for  a number  of  sites  when  subjected 
to  a major  storm;  (2)  the  minimum  storm  that 'will  produce 
runoff;  and  C3)  the  frequency  at  which  r’unoff  can  be 
expected.  The  results  indicate  that- great  diversity  of 
surface  r’unoff  on  the  mcuntai.n  lands  and  the  ways  in  which 


resource  manageme: 
overland  flow. 


can  ausment  or  rec’uce  tne  .nacarc  or 


Woolhiser,  D.  , C.  L.  Hanson,  and  A.  R.  Xuhlman.  1970  . Overland 
flow  on  ra.ngeland  watersheds.  I.n  Results  of  Res.  on  Repre- 
sentative and  Ixperi.mental  Basins,  Wellington,  N.Z.;  2 3-39  . 


Tescribes  the  application  of  the  kinematic  cascade  to  mode? 
overland  flow  from  watersheds  which  ha’/e  different 
gracing  intensities.  Roughness  for  these  conditions  is 
discussed. 
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Woolley,  R.  R.  1933.  Bloods  in  well  forested  regions  (letter 
to  editor).  Civil  Engin.  3 (com.ments  on  the  article  ’’Influx 
of  Overgrazing  on  Erosion  and  Watersheds:  bv  Chatman): 
295-23'’. 


Erosion  due  to  rainfall  and  topography  rather  than  over- 
gracing.  Serious  floods  also  occur  in  Vermont  where 
overgrazing  is  unreported.  Floods  near  Pueblo,  Colorado 
were  greater  before  grazing  than  after.  The  Wasatch 
Plateau  in  Utah  provides  favorable  conditions  for  cloud 
bursts,  hence  floods  result. 

Ya-mariOtc , T.  195  3 . Soil  moisture  contents  and  physical 

oroterties  of  selected  soils  in  Hawaii.  For.  Ser.  Res.  Mote 
PSW-2;  13  t. 


Data  representing  known  land  use  are  grouped  into  four 
categories:  Forest,  cultivated  area,  oasture,  and  idl; 
grassland. 


Yama.moto . 


. anc  ?.  U’urry.  uri3.  avatar  storage  capac 
er  four  different  land  uses  i:  “ 

Res.  Mote  PSW-5:  ^ 
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?cre  vol’jne  and  size  wave  higher  under  fcresn  cover 

!r  idle  grassland. 


s , 


1371. 


:nanges  on  Maxara 


xperinental  Basin:  Hydrological  and  agriculcural  prcduccion 


rreccs  o; 


.eve us  o 


f grazing  on  uninprcved  and  Lnproved 


small 

catenments . ^ • 

Hydrol.  (N.Z.) 

13  : 59-34 . 

The 

effects  of  hard 

and  lax  grazing 

of  uni.tiproved  and  over 

sown 

and  topdressed 

pastures  on  smal 

1 catchments  of  3.5  - 

^ . 3 

hectares  are  dis 

cussed. 

The  oversowing  and  copdressing  has  resulted  in  a trebling 
of  pasture  production  and,  when  hard  grazed, _a  trebling 
of  stock-carrying  capacity.  Under  lax  grazing,  the  stock- 
carrying capacities  of  both  uninproved  and  Ltproved 


pastures  have  been  reduced 
under  hard  grazing. 


:wc-t. tores  or  t.tcse  pertaonong 


Oversowing  and  topdressing  decreased  annual  runoff, 
surface  retention,  reduced  the  number  of  days  o.n  which 
flow  occurred,  and  reduced  the  percentage  of  occurrence 
of  given  daily  runoffs  over  the  greater  part  of  flow 
range.  Individual  hydrographs  have  shown  no  increase  i.n 
rise  tine  but  an  increase  in  lag  and  depletion  tine, 
decreased  flow  before  the  peak,  decreased  peak  discharges 
and  decreased  r'uncff.  The  magnitude  of  these  changes 
was  greater  when  the  improved  pastures  were  lax  grazed. 


increas  ec 
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Aocendix 


Annc':a~eG  Gio.acgrapay  or. 
Zccncnic  a-od  Sccio-?clioioal  Issues 


( 


Becks 


Bear.,  M. 


The  Zvcluticn  of  >ratior.al  Wildlife 


Goverrneno  ?ri--.-:ar.g  Office,  Washingcor.,  I . C . 

Cenprehersi'/e  analysis  of  the  develoomer-t  of  federal, 
as  opposed  to  state,  wildlife  laws  and  oianageoient.  proeracis . 
Zspecially  useful  regarding  historic  definition  of* wild 
ani.oials  and  the  development  of  the  state  ownership  dcctri.ne. 
In  addition,  it  discusses  the  history  of  the  Act  and  of 
wildlife  management  on  federal  lands . 

Brrokshier,  “rank.  137^.  The  Burro . University  of  Cklahcma 
Press,  Norman,  370  p. 

Zlocuent  and  appeali.ng  aooou.nt  of  the  iurro's  past  and 
present,  e.mphasicing  value  to  man  oecause  of  faithful  and 
useful  service.  Qualitative. 


O 


)alef,  W.  1350.  Private  Gracinc  and  Puolio  lands:  local  Manats 

^ -2^  <r  r 


It  of  the  Taylor  Qr aci.ng  .Act 


. — V 8 1' S 


Case  study 
the  Taylor 


apprcac.n  to  management  of  the  puolic  lands  •under 


or  .Act  v;ith  focus  on  the 


..~.g , C.  T.  :<.  (compiled  oy)  . 1373.  Zor’um  on  the  Zconcmios 

of  Public  land  Use  in  the  Nest.  Bpons'ored  ty  t.te  .-arm 

f OUT.  data  on  anc  t.he  lavas  aon  c f .Agracultural  and  Resource 
Zconcmios,  University  of  Nevada,  Reno. 

March  IS^t  gathering  of  researchers  and  others  interested 
an  the  prcolems  of  public  land  'use  in  the  Western  states. 
Contai.ns  a.n  excelle.nt  bibliography  of  work  conducted  bv 
the  participants  of  the  for’um. 
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Dana,  S.  T.  and  Fairfax,  3.  K.  19SC.  Forest  and  Rana:e  Fclicv 
(2d  Edition)  . McGraw  Hill  Publishing  Co.,  Fork. 


Comprehensive  history  of  the  development  and  evolution  of  v 
forest  and  range  management  pclioy  from  colonial  times  to 
the  present.  Special  atte.nticn  is  given  to  analyzing 
continuing  policy  trends  and  the  influence  of  various 
interest  groups. 

Dobie,  J,  Frank.  1352.  The  Mustanss.  Little,  Brown,  Boston- 
376  ?.  

Highly  anecdotal  and  sympathetic  history  of  the  -vild  horses 
Emphasizes  -/alues  of  freedom  and  wildness.  Early . classic 
work  . 


!ss , A.  1350  . Politics  and  Grass. 
Press,  Seattle. 


:ivers.ity  of  Washinzton 


rhis  book  analyzes  the  implementation  of  the  Taylor  Grazing 


-Act,  the 


_e  or  tne  various  interest  groups,  and  their 


imtact  on  3LM  decision-making . 


G 


aates , 


1363.  Historv  of  Public  Land  Law  Develooment. 


Government  Printing  Office,  Washington,  D.C. 

Comprehensi’/e  history  prepared  for  the  Public  Land  La 
Review  Commission.  L'sef-ul  in  order  to  'understand  the 
development  of  land  ownership  patterns  and 
impacting  the  enactment  and  implementation 
federal  land  management  laws. 


ne  rorces 
f the  major 


Henr’/,  Marguerite.  1365  . Mustang:  Wild  Soirit  of  the 
Rand  McNally,  Chicago:  22w  p. 


.vest 


Young  adult  book  on  the  early  history  of  the  horse  and 
Velma  Johnston’s  fight  to  save  it.  Displays  humane, 
oreservaticnist  attitude. 


Henry,  Marguerite. 
New  York. 


13  3 3 . 


Brighty  of  the  Grand  Canyon.  Rand , 


Classic  children's  acccunt  of  a Grand  Canyon  burro.  The 
antics  and  love  of  life  of  Brighty  personify  the  humane, 
"right-to-lif e"  attitude. 


o 


Nathan,  Harriet,  editor.  1372. 
Economics  and  Administration , 


.America 


Land  Law  Review  Commission  Report,  Dece.mber  1372.  Instifute 
of  Govern.mental  Sfudies  , Berkeley:  University  of  California. 

The  conference  analyzes  the  PLLRC'S  report  of  1372. 

-he  iconomics  and  tne  Public  Lands  section  -was  handled 
well  by  Marion  Clawscn.  Policies  for  the  fufure  -were 
also  discussed. 
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Peffer,  Z.  Icuise.  1351,  The  Closing;  of  the  Public  Icmain. 
Stanford  University  Press,  Stanford. 

Comprehensive  discussion  and  analysis  of  the  fight  to  close 
the  public  lands  to  disposition  under  the  homestead  acts , 
including  a thorough  criticyue  of  those  laws,  the  legislative 
history  of  the  Taylor  Grating  Act  and  its  implementation. 


Ryde.n,  Kooe. 
York:  311 


1 Q7Q 


America's  Last  Wild  Horses.  Dutton,  Mew 


O 


Comprehensive  survey  of  history,  habits,  and  struggles  for 
protection  of  wild  horses.  Seme  cualitative  description  of 
attitudes  of  various  groups.  Pro-horse;  emphasites  symbolic, 
freedom  and  wildness  values. 


” a ^ 


Ryden,  Hot a. 

Mew  York:  111  o. 


.Mustangs,  Return  to  the  -Wild.  Viking  Press  , 


Primarily  natural  history,  profusely  illustrated  with  the 
author's  photographs.  Expresses  protectionist  position. 


Stanford  Environ.me.ntal  Law  Society. 
Management  — .A  Ti.me  for  Change? 
Stanford:  Stanford  University. 


13"1.  Public  Land 
Stanford  Law  School, 


The  papers  presented  are  an  atte.mpt  by  the  Stanford 
E.nvironmental  Law  School,  to  objectively  present  the 
major  issues  involved  in  the  controversy  over  public 
land  use  and  to  analyte  the  various  reform  proposals. 

The  paper  of  most  interest  is  entitled  "Public  Land 
Grating  .Management"  and  covers  the  statutory  guidelines 
for  grating  management;  the  controversy  over  grating 
fees;  the  condition  of  the  public  lands  a.nd  how  it 

f public  land 
and  other  uses  of 


O 


mig.ht  be  improved;  the  economic  effect  of  : 
grating;  and  conflicts  betwee.n  grati.ng 
the  oublic  land. 


University  of  Mevada,  Reno,  Cooperative  Extension  Service.  15' 
Proc.  Mational  Wild  Horse  Porum,  .April  ^-7 . 

Presents  view  of  various  orgarltations  and  grouts  involved 


in  horse  and  burro  issue, 
interest . 


Two  articles  are 


tarticu_ar 


Reavley,  Milliam  L.  Views  of  wildlife  agencies  and  organita- 


tions.  Explains  views 
and  burros. 


wcldlafe  agencies  towards  horses 


O 


Shanks,  Bernard.  Wild  horses  and  conservatic.n  erganitatiens . 
Discussed  involvement  of  conservation  erganitatiens  (or  lack 
thereof)  in  the  wild  horse  and  burro  troblem.  Animal  trotecticn 
and  wildlife  erganitatiens  are  excluded  from  the  discussion. 
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Walker.  13ii5. 

The  Wild  Hi 

.nters  , Caldwell , 

Idaho : 3-5 

!arly  classic  his' 

tory  of  the 

)etails  infl'uence 

of  horses 

:he  present,  with 

some  quali 

-axTcn 


a“w:.ruces . 


Scientific  Journal  Articles 


Applegate.  1973  . The  niultiple  use  planning  process:  Descent 

into  the  maelstrom?  Environmental  Law  3:4-27. 


.-Analysis  of  current  multiple  use  planning  process'  from 
the  perspective  of  citizen  action  groups.  Overview  of 
the  planning  process  followed  by  discussion  of  problems 
such  as  uneven  economic  analysis,  the  lac.k  of  effective 
ooportunity  for  citizen  involvement  and  administrative 
discretion. 


Arizona  Law  Review. 


1973 


Symposium:  The  federal  Land  Policy 


C 


and  Management  Act  of  1375.  Ariz.  Law  Rev.  21(2): 

Bean,  M.  1377.  Davelopi.ng  law  of  wildlife  conservation  on  the 
national  forest  and  national  resource  lands.  Contemporary  Law 

The  author  analyzes  the  conflict  between  the  states  and 
the  federal  gcvern.ment  over  the  authority  to  manage  wild- 
life on  federal  lands  and  the  i.mpact  of  this  conflict  on  the 
development  of  national  policy  toward  wildlife  conservatio.n 


on  these  lands.  The  artzcle 
as  well  as  the  Sikes  Act  and 
ma.nagement  on  federal  lands . 


discusses  the  .Act  in  detail, 
other  laws  affecting  wildlife 


Behan,  R.  1357  . Succotash  syndrcm.e  or  multiple  use:  .A  heartfelt 
aporoach  to  forest  land  management.  Nat.  Res.  Journ.  7:4.73. 

After  discussing  the  development  of  the  multiple  use  concept, 
the  author  thoroughly  criticizes  three  'underlying  as sum.pt ions 
(fixed  productivity,  high  demand,  and  inadequacy  ■ ^ ‘ 


3 .i-- 


..te  autncr  t.nen  ana_vzes 


use  management  to  meet  demand) 
how  deficiencies  in  theory  spawn  difficulties  in  practice. 


Burt,  Oscar  R. 
Investments . 


-3  / 1 . 


.A  D'/namic  Medal  of  Pasture  and  Range 


.Amer.  .Asr.  Boon.  53  (2):  137-2  0 5. 


O 


The  traditional  economic  replacement 
accommodate  a situation  where  quasi-nen 
are  influenced  bv  reolacem.en t s§e  of 
This  generalized  reolacsm.ent  model  is  aooliez  t 


■<  2 extenoec  to 
n - c — .2.C srr* T 3 
currentl'/  held  asset. 

X.  a 


:n— ..5  w-  3 


^34. 


”T*crr.  ~ ■ 1 , g 

and  range.  Dynamic  programming  is  applied- to  the  problem 
and  the  structure  of  the  decision  rule  analyzec.  .An 
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appro xinateiy  cptinal  decision  rule  is  deduced  by  an  analysis 
of  Che  limiting  behavior  of  ~he  opcicial  policy.  An 
illuscracive  exaciple  is  given  for  pinycn- j 'uniper  concrol 
in  southwestern  I’nited  States. 


O 


Carothers,  3.  W.  : Stitt,  .M.E.;  Johnson,  R.R.  1377.  Feral 
asses  on  public  lands;  an  analysis  of  biotic  impact,  legal 
considerations,  and  management  alternatives.  Trans.  North 
American  Wildlife  Nat.  Res.  Conf.  4.1;  396-405. 

Largely  biological  study  showing  habitat  destruction  by 
feral  burros.  Gives  public  senti.me.nt  of  burro  lovers  as  reason 
for  passage  of  RL32-195.  Believes  protection  of  burros 
incompatible  with  sound  manageme.nt  of  Grand  Ca.nyon 
ecosvstem  (the  studv  area).  ‘ ■ 


Clauson,  Y..  197  3 . 

Law  3:231. 


Concept  or  multip...a  use  forestry.  Environmental 


Recent  analysis  of  the  multiple  use  concept  with  emphasis 
on  forest  production  functions  and  trade-offs  between  outputs 
the  author  then  discusses  problams  in  valuing  both  inputs 
and  outputs  and  the  potential  application  of  ti.me  discount 
methods . Concludes  that  while  multiple  use  can  be  a vague 
directive,  it  can  guide  a land  manager  to  decisions  which 


provide  users  with  the  most 
sacrifice  to  others 


»' Tnsv  rri— 


o 


.ommen-: 


1575  . 


The  conservationists  and  the  tublic  lands: 


-Administrative  and  judicial  remedies  relating  to  the  use  and 
disposition  of  the  public  lands  administered  by  the  Tepartment 
of  the  Interior.  Michigan  Law  Review  63:12G0. 

The  author  examines  the  structure  and  f 'unction  of  the 
Tepartment  of  the  Interior  with  respect  to  the  use  and 
disposition  of  the  public  lands  and  discusses  methods  of 
achieving  administrative  and  judicial  review  of  Departmental 
decisions.  The  authors  criticizes  the  a.mcunt  of  discretio.n 
available  to  officials  and  suggests  removi.ng  obstacles  to 
judicial  review  and  third  party  intervention. 

Comment.  1973  . Managi.ng  Federal  Lands:  Replaci.ng  the  m'ultiple 


use  svstem.  Yale  Law  Journ.  32 


0 / . 


The  a'uthcr  disc’usses  the  multiple  use  management  systems 
of  3LM  and  the  Forest  Service  contrasting  multiple  use  and 
li.mited  'use  directives.  .After  criticizing  the  multiple 
use  decision-maxing  process , the  author  suggests  establishi.ng 
more  limited  use  agencies  and  Congressional  allocation  of 


O 
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:uncil 


Technology , 


197ii . 


for  Agric ulcer el  Science  end 
Livestock  Grezing  on  Fedsrel  Lands  in  the  11  Western  Stetes 
Journal  of  Range  Management  May  IS^A;  174-131. 

Report  covers  che  economic  end  environmental  impacts  of 
grazing  on  federal  lands.  Was  prepared  by  a task  force 
consisting  of  13  range  specialists , none  of  whom  are 
employed  by  either  3LM  or  ?3.  Federal  land  supplies 
approximately  12%  of  all  grazing  resources  in  the  West. 
Loss  of  the  products  that  this  grazing  supplies  would 
mean  more  scarcity  of  feed,  meat  and  wool.  ElLmination  c; 
grazing  on  public  lands  would  mean  a shift  of  animals 
to  other  lands  or  their  loss  from  production.  .Authors 
feel  that  this  would  be. wasteful  of  natural  resources. 


Council  for  Agricultural  Science  and  Technology.  1375. 

.Multiple  Use  of  Public  Lands  in  the  Sevetee.n  Western  States. 
Headquarters  Office,  Ajnes , Iowa:  Department  of  .Agronomy, 

Iowa  State  University. 

.Multiple  use  of  public  lands  means  a harmonious  use  of 
land  under  which  food,  fiber,  weed  and  mineral  products 
can  be  produced  for  market  while  recreational  opportunities , 
water,  aesthetics  and  wild  life,  though  non-market 
commodities,  can  contribute  to  the  enjoyment  of  livi.ng 
and  to  the  economies  of  local  couimunities . The  report 
describes  mtultiple  use,  analyzes  six  sources  of  conflicts , 
and  defines  several  problems  i.n  the  ; 
multitle  use. 


.hane , ?.  a.nd  Friesma,  ?. 
zublic  lands . Mat.  Res. 


-anc  use  O-anni.t; 


Discussion  of  the  Federal  Land  pclicy  and  Management  .Act 
and  the  Mational  Forest  .Manageme.nt  A.ct  and  their  long 
range  planning  provisions.  Special  attention  to  the  i.mpac" 
of  these  laws  on  agency  planni.ng  and  the  planning  p: 
as  a formalized  policy/ decision-maki.ng  process. 


Fulcher,  Glen  D.  1377.  Eccncmic  Issues  and  Future  Resource 
Planning  on  Public  Lands.  Paper  presented  at  the  For’zm 
on  the  Economics  of  Public  Land  Use  in  the  West,  Reno, 
Nevada,  March  10,  1977. 

States  reasons  why  the  3U1  has  been  hamstrung  in  its  pas* 
efforts  to  administer  the  public  lands , out  that  wit.t 
oassage  of  the  "Federal  Land  Policy  anc  Management  -Act 


new  era  in  public  lanes  manager-en 


beginning 


:c-s  that  3LM  wi.^ 


ve  at  its  disoosal 


^eiineates  tne  new 
and  stresses  the  role  of  the  econc.mist  in  future  _anc 
oclicv  decisions. 
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Gordon,  Stanley,  127ia,  Ona  ranch  : 

chansing  resource  demands  and  3ocoa_  values.  J 
27(S):  435. 


t_y ' 3 adaptarocn  no 

Range.  Mgr. 


Q 


Personal  account  by  aut.hor  of  changes  in  his  own  family's 
attitudes  from  negative  co  positive  with  regard  to  necessity 
of  planning,  management,  and  regulation  for  preservation 
and  wise  multiple  use  of  the  public  rangelands. 


Hall,  G.  1963.  The  myth  and 
Mat.  Res . J . 3:275. 


ealuty  or  multiple  use  forestry. 


The  author  describes  the  multiple  use  doctri.ne  and  considers 
its  application  on  one  national  forest.  The  process  is  then 
evaluated  to  determine  whether  the  doctrine  promotes  the 
socially  best  administrative  decisions.  The  author 
concludes  that  it  is  a myth  that  multiple  use  forestry  is 
capable  of  resolving  all  conflicting  de.mands . The  reality 
is  that  multiple  use  decisions  are  primarily  judgments  about 
the  costs  and  benefits  of  various  goods  and  services. 


Houghton,  Ruth  M.  1973.  Sociocultural  research  for  planning 
and  management  of  a Nevada  Bureau  of  Land  Management  gracing 
district.  Proc.  First  Internatio.nal 
37-39. 


Rangela.nd  Congress: 


O 


.escrioes  socco- 


Anthrooo logical  research  conducted  in  1975. 
cultural  groups  and  values  of  the  district  residents  with 
regard  to  fellow  reside.nts  and  to  a li.mited  extent  toward 
land  and  other  natural  resources , as  well  as  towards  3LM 
gracing  policy.  Sample  size  is  not  indicated. 


Johnson,  7.  1972.  Fight  to  save  a memory. 

: n . 1 n c ; 


5xas  Law  Rev. 


This  article  by  "Wild  Horse  Annie"  describes  the  legislative 
battle  for  passage  of  the  A.ct  and  the  remaining  unfinished 
busi.ness  as  of  the  date  of  the  article. 


and  M.  J.  Pcntrelli.  196  9 . Public  press'ure  and  a 

.new  dcmension  of  quality  - horses  and  burros.  Trans.  No. 
.Am.  Wildl.  Nat.  Res.  Conf.  34;  24Q-232. 


detailed  history  or  Johnston's  errort  and  steps  in  her  fight 
to  save  wild  horses.  Xav  eve.nts  and  their  dates. 


- — ''  O V.  — - ^ '-1  — 


.uauitati' 


account  or  importance  of  public  reaction  in  building  the 
prctection/manage.ment  movement.  i.mphasis  on  controversy 
about  the  establishment  of  the  Pryor  Mountain  Wild  Horse 
Refuge . 

Knott,  J.  and  Willowsley,  .A.  IB'I’B.  r IL semination  is  the 
solution,  what  is  the  oroblem?  J.noublished  Craft  M.S. 


O 
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Kcehlar , 
3ull. 


Janes  w. 
Calif.  St 


1960  . 
Cept . 


The  California  'jndcmesticated  burro, 
of  Agric.  Jan,  - Feb.:  1-15. 


Concentrates  largely  on  biolcg; 
but  includes  short  section  des 
to  protect  burros  as  a result 
crganioaticns ' lobbying. 


a.nd  tanage.T.ent  probleas  , 
ibing  California  legislat 
citizens  ' and  huT.ane 


on 


Leistritz,  F.  Larry,  and  Steven  h.  Murdock.  1977.  Research 
Methodology  Applicable  to  Community  Adjustments  to  Public 
land  Use  Alternatives.  Paper  presented  at  the  For’um  on  the 
Economics  of  Public  Land  Use  in  the  West,  March  11,  1977, 
Reno,  Nevada. 

Article  speaks  about  adjustment  that  will  have  to  be  made 
in  the  West  as  public  land  uses  change.  Describes  "local 
impact  analysis,"  the  methodology  that  the  authors  have 
developed  for  assessing  the  nature  and  extent  of 
community  adjustments  to  major  resource  use  changes. 

This  integrated  model  for  developing  economic  and 
demographic  projections  is  discussed.  Uses  input-output 
(.1-0)  analysis  to  project  changes  in  business  volume 
resulting  from  alternative  levels  of  resource  use. 

Mack,  1,  E. , and  R.  G.  Taylor.  19 
of  Restricted  Grazi.ng  on  Public 
North  Dakota  State  University  o 
Science . 


ederal  lands 


:cmorise 


of  the  total  area  of  Colorado. 


.At  present  the  primary  use  of  these  lands  is  livestock 
Pressures  present  the  pri.mary  use  of  these  lands  is  liv« 
stock  grazing.  Pressures  exist  to  reduce,  or  in  some 
instances  eliminate,  livestock  grazing.  This  study, 
through  the  use  of  typical  ranch  models  structured  by 
herd  size  and  regional  characteristics,  exa.mines  hew  t: 
range  livestoc.k  industry  would  respo.nd  to  hypothesized 
reductions  in  federal  forage  availability.  Sheet  ranci 
in  Colorado  are  extremely  dependent  on  federal  forage, 
while  cattle  ranchers  are  generally  less  dependent  on 
federal  forage  sources.  .A  complete  phase-out  of  grazi: 
on  federal  lands  in  Colorado  would  reduce  direct  lives 
production  at  a mini.mum,  3 0%.  Total  economic  activity 
in  many  areas  of  the  state  would  be  virtually  elimi.nat- 
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that  niultiple  use  controls  crganicational  behavior  by 
facilitating  adjustment  cf  competing  views. 

McCcnnen,  R.  J.  19~7.  Research  Methodology  Applicable  ~o 
Regional  and  Jlaticnal  Impacc  cf  Public  Land  Use  Policy. 

Paper  presented  at  the  For’um  on  the  Economics  of 

Public  Land  Use  in  the  West,  March  11,  1377,  Reno,  Nevada. 

Discussion  similar  to  that  of  Leistritz  citation,  but 
rather  than  stressing  the  empirical  and  positive  approach, 
stresses  the  conceptual  and  normative  methodological 
problems  involved  in  changing  public  land  use  policy. 

McKinney,  Harley  J.  1377.  Economic  Issues  and  problems  associa 
wizh  the  National  Environmental  Policy  A.ct  as  it  .Applies  to 
Western  Public  Lands.  Paoer  oresented  at  the  Porum  on  the 


J 


— a 


Eccnomucs  or 
13,  1377. 


Public  Land  Use  in  the  West,  Rene,  Nevada,  March 


McKinney's  paper  discusses  the  National  Environmental 
Policy  Act  (NZPA)  of  1963,  which  declares  environmental 
quality  to  be  a national  policy  and  instructs  all 
federal  agencies  and  departments  to  make  a bena  fide 
examination  of  ecological  and  environmental  factors 
before  .making  any  decisionthat  might  affect  the  environment. 
With  the  passage  cf  NZPA,  development  of  the  public  lands 

McKnight,  Tom  L.  1353.  The  feral  burro  in  the  United  States: 
distribution  and  proble.ms . J.  Wild.  .Mgt . 21(  2 ):  15  3-17  3 . 

Largely  biogeographical  study  on  population  numbers  and 
distribution  cf  feral  burros,  based  on  a detailed  mail 
questionnaire  plus  field  checking.  Pp.  173-175  discuss 
four  management  strategies  and  likely  public  reaction, 

^ based  on  some  literature  review  plus  the  author's  personal 
opinions.  Whether  public  opinion  was  solicited  on  the 
questionnaires  is  not  mentioned. 

. 1953  . The  feral  horse  i.n  .Anglo-.America . 


O 


■3eog.  Rev.  m-9  : 5 35-52  5 . 

Largely  biogeographical  study  on  current  distribution  of 
feral  horses  and  land-use  problems  resulti.ng  from  it,  based 
on  900  mail  questionnaires  plus  field  interviews  and 
observations.  Po.  522-52A  discuss  oroblems  and  attitudes 


toward  wild  horses  elucctec  oy 
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lesttcnnacre . 
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develooment  of  orotectionist  sentement. 
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N i e Is  en  , Darwir. 
vs  . Single 
(1) : 2-5. 


3, 
- * 


19'’2.  Iccnomic  I.nplicat icns  cf  Variaila 
..ng  Fees.  Jcurnal  cf  Range  Managecienr  2 5 


rhe  econcnic  i.T.plicacions 


f variaile  grazing  fees  and 
single  srazing  fees  cn  Federal  lands  are  Lciportanz 
cons iderazions  relazive  zz  furzher  policy  changes.  ''.a.ny 
faczors  ciusz  be  considered  when  eszab  1 ~ ^ -aes  on 
d-'f-erenz  grazing  unizs.  Quanzizy  and  qualazy  forage 
are'cnly  zwo  of  zhese  faczors  a.nd  generally  ncz  z.ne  ncsz 
izraorzanz  ones.  Variable  grazing  fees  wi^__.nave  zo^_-e 
■’‘ziol^menzed  if  the  government  as  going  to  min_.m-ze  .n  = 
problem  of  having  some  of  its  land  over-priced  and  some 

O'Hare,  M.  1973.  I.nformaticn  managemenz  a.nd  public  choice. 

E.nergy  i.mpaczs  projecz.  Laborazcry  cf  archizeczure  a.nd  planning, 
Cambridge,  Mass. 


Pearson,  Irwin  W.  137n.  Sheep-raising  in  zhe  Sevenzeen 


'.^/eszern  Szazes  : Populazions,  Distribuzicn , 

•Journal  cf  Ranze  Managemenz  2SCl)-:2"-31. 


c 


Provides  infcrmazicn  on  n’cmbers  a.nd  locazicns  of  domestic 
sheep  in  the  17  western  szates,  which  raise  abcuz  SG% 
cf  zhe  Unized  Szazes  szcck  sheep.  There  has  been  a 
downward  zrend  in  sheep  populazions  since  1S5G.  The  daza 
suggesz  a gradual  shifzi-ng  of  sheep-raisi.ng  cron 
mo'inzains  zo  plains  and  a gradual  conversion  from  sr-=“- 
zo  cazzle. 


Sanchez,  Pezer  3 
solution  becc 
Council;  32-iiC. 


solution  becomes  a problem 


1377.  Native  ani.z.al  habizaz  prozaczic.n : ; 

Proc.  S>zr.p . Teserz.  Tortoise 


.^.uzhor 


NaZ’iral  Resources  Specialist  at  Teazh  /a--ey 


resccnses  c: 


c 


National  Mon'omenz.  ?p.  3 5-39  analyzes 

random  samole  of  21^1  resccndenzs  on  3 3 alternatives  rcr 
managing  Teazh  Valley's  natural ‘and  cultural^resources . 

The  alternatives  were  presented  in  z.ne  13  7 5 Death  7a__ey 
Invircn.mer.tal  .assessment,  and  responses  sought  by  an 
accomoanying  questionnaire.  Ten  a-zarnazives  discussed 
burro*  managem.ent . Cnly  close-ended  questions  are 
analyzed.  analysis  of  open-ended  questions  and  ccr.plezeo 

questic.nnaires  may  be  exa.mi.ned  at  Deat.n  Val_ey. 

Schectman.  1973  . The  "3ambi  Syndrcm.e"  How  NIP.-.’s  public^ 

participation  in  wildlife  management  is  .nurting  z.ne  enviror.m.en . . 
I.nvironmenzal  Law  3:511. 

The  author  discusses  zhe  problem  confronting  field  i2'-''2l 
wildlife  biologists  who  have  identified  nee-dad  population 
reduction  orograms  but  are  impedec  by  various  envircnmieii ^a— 
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Sccrt,  L.  1367.  The  range  cartle  industry:  Its  effect  on 

western  land  law.  Montana  Law  Review  23:155. 

The  author  examines  the  effect  of  the  range  cattle  industry, 
its  needs,  customs,  and  practices,  on  the  federal  public 
land  laws  and  states'  fence  and  herd  laws.  Particular 
atte.ntion  is  given  to  the  means  used  to  acquire  and  control 
range  lands  and  the  importance  of  possession  a.nd  use  in 
es tablishi.ng  legal  rights.  The  author  concludes  that  the 
industry  made  its  own  law  and  ignored  or  disobeyed  laws 
later  enacted  which  did  not  meet  industry  needs. 


proteoticn  statutes,  particularly  their  public  participation 
requirements.  Includes  discussion  of  San  Miguel,  Death 
Valley,  Grand  Canyon  and  Bandalier  burros.  Concludes  with 
suggestion  that  public  input  be  limited,  reduced  delay  and 
public  education. 


Shanks,  Bernard.  1373.  Social 
land  manage.me.nt  innovations, 
land  Co.ngress:  92-34. 


and  institutional  barriers  to  range- 
Proc.  First  International  Range- 


Survey  of  line  managers  in  BLM,  Forest  Service,  the  Maticnal 
Park  Service,  and  the  Fish  and  V/ildlife  Service  to  determine 
how  their  sociceoonomic  backgrounds  might  affect  rangeland 
resource  manageme.nt.  Concluded  that  public  ra.nge  managers  in 
t.he  U.S.  accept  and  apply  new  rangela.nd  policies  and  programs 
slowly,  which  bears  on  the  horse  and  burro  issue,  a.mong 
others.  Sa.mple  size  approxi.mate ly  ^QO. 


Smith,  A. 
Trans . 


Z.  1353  . An  approach  to  burro  manageme.nt  in  Cal 
Desert  Bighorn  Council:  59-52. 


rnia . 


Describes  initiation  of  interage.ncy  effort  i.n  California  to 
develop  a manage.ment  plan  for  feral  burros.  .Advocates 
management,  not  elimination  of  burros  on  BLM  land  to 
benefit  burros,  wildlife,  livestock,  and  the  range.  Author 
is  a BL.M  staff  member. 


Smith,  A.  Z.  and  VJilliam  Z. 
of  cattle  ranchers,  with 
development  i.n  the  West. 


.Martin.  1972.  Socioeconomic  behavior 
i.mplicat ions  for  rural  oommunitv 
.Am.  J.  .Agric.  Zcon.  May:  217-2  2 5 . 


Socioeconomic  survey  of  goals  and  attitudes 
ranchers  toward  ranch  ownerships,  arguing  t 
psyohological  benefits  derived  fro.m  ra.nging 
component  of  economic  valuation  of  ranches, 
goals  and  attitudes  held  by  ranchers  toward 


of  3 9 .Arizona 
hat  social  and 
ar'.'  an  importa.n 
Identifies  11 
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Smith,  Arxhur  n.  , and  Willia.m  Z.  Marti.-.. 

Behavior  of  Cattle  Ranchers,  with  I.mpli  cat  ions  for  R'cral 
Community  Development  in  the  West.  .American  Journal  of  > 

Agrioultural  Economics  54  ( 2 ): 217-225 . 

This  paper  extends  the  arg’cment  that  cattle  ranchi.ng  and 
ranchers  can  be  better  understood  by  viewing  the  ranch 
resource  as  generating  both  production  and  consumption 
outputs.  It  was  found  that  non-monetary  outputs  of  ranch 
ownership  are  the  most  significant  factors  in  expaining 
high  sale  prices  of  .Arizona  ranches.  The  analysis  suggest 
that  small  town  viability  and  growth  in  the  arid  Southwest, 
and  possibly  in  the  West  as  a whole,  may  be  more  likely 
to  occur  if  rural  development  policies  are  not  predicated 
on  the  economic  Lmoact  of  surroundi-te  ra.nches . 


Stevens,  Joe  3.,  and  Z.  Bruce  Godfrey.  1972.  Use  Rates, 
Resource  Flows,  and  Efficiency  of  Public  I.nvestme.nt  i.n 
Range  Improvements.  American  Journal  of  .Agricultural 
Economics  54  (4);  611-521. 


.A  theoretical  model  of  i.ntaracticns  betwee.n  use  rates 
and  resource  flows  over  stace  and  ti.me  is  develcted , and 
a static  empirical  model  is  derived  for  ex  post  analvsis 
of  public  ra.nge  i.n  vestments  on  the  vale  Project  (Cre 
Five  investment  practices  varied  widely  in  their  mar 
productivities.  For  every  .AUM  of  grazing  produced 
directly  by  investment,  and  additic.nal  0.5  .AUM  was  obtained 
by  manipulation  of  use  rates  to  allow  increased  natural 
regeneration.  Overall,  t.he  Vale  Project  was  i.-.ef ficient 
i.n  terms  of  an  i.mplicit  redistributional  objective  as 
,e  exolicit  national  income  ob*  active. 


wall  as 


Tho.mas , Gerald  W.  19  7 3 . Livestock  Grazing  on  Public  Lands: 

Unity  for  Political,  Economic  and  Ecological  Reasons. 

Journal  of  Range  Management  25  (4): 243-252. 

The  increased  pressure  on  public  lands  due  to  ccnflictcng 
interests,  combined  with  the  increased  concern  on  the 
part  of  each  individual  for  the  environment , makes  it 
imperative  that  each  land  use  alternative  be  carefully 
examined.  Decisions  on  land  use  must  take  i.nto  considerati: 
the  economic  importance  of  the  ranching  industry  to  the 
nation,  the  soical  and  political  clLmate  of  the  ti.mes , 
and  most  importantly,  sound  ecological  principles. 


'.c  .vater 

- .a  T 1 1 


University  of  Wyoming,  College  of  Law.  197G.  Land 
Law  Review,  .A  symposium  presenti.ng  an  .Analysis  c 
La.nd  Law  Review  Commissio.n  Report.  Laramie:  Uncverscty 
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S:/T?.pcsium  car.e  i.itc  being  t::  analyze  the  Public  Land  Law 
Review  Comnission's  report  to  the  President,  entitled 
"One  third  of  the  Mation's  Land.’’  Three  sections  are 
of  interest,  tltcse  on  range  resources,  recreation,  fish 
: and  land  planning. 


□ 


Wilson.  1973  . Land  management  planni.ng  processes  of  the  Pores' 
Service.  Z.nvirorjnental  Law  3:-t-51. 


Description  of  the  Forest  Service  planning  process  by  the 
Director  for  planni.ng  of  the  Pacific  Mcrthwest  Region  of 
the  Forest  Service. 


Wyckoff,  J.3.  1977a.  Public  Lands  and  the  West  — Zccnomic 

Prcble.ms  of  Neo-Colonialism.  Paper  presented  at  the  For’cm 
on  the  Zconcmics  of  Public  Land  Tse  in  the  West,  Re.nc , 
Nevada,  .Narch  19,  19  77. 

?’-iil-ic  land  use  is  very  important  to  the  economy  of  the 
West  and  much  work  has  bean  done  to  alleviate  problems 
associated  with  its  use.  But,  there  are  many  economic 
?rcble.ms  in  the  public  lands  which  still  need  considerable 
research  input.  Wyc.koff  delineates  three  problem  areas; 
^1^  the  basic  allocation  of  the  public  land  resources 
among  uses,  and  among  users  'withi-t  uses;  (2)  prcble.ms 
nelated  the  spatial  distribution  of  uses  and  users ; and 
(3)  intertemporal  distribution  of  oublic  land  resources 


.teir  cutouts 


coes  a ccm.mer.cao _a  yoo  or 


celving  into  the  specioic  oroclem  area; 
is  necessarv. 


■— ogea'^cn 
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Bulletins  and  Retorts 


-Pnaji,  . A.,  W.  A.  Kras  salt  and  R.  W.  Schermerhcrn . 197 

Impact  of  the  Idaho  Beef  Industry.  .-.tri cultural  Zxoer 
Station  Bulletin  Mo.  553  , .Ncsccw':  University  of  Idaho 


lent 


Zxanines  cash  receipts  from  the  ranchi.ng,  feeding,  and 
processing  sectors  of  the  Idaho  beef  i.ndustry.  In  197 
the  direct  and  indirect  imoact  of  the  beef  industrv  on 
t.he  Idaho  economy  was  33  57'.  7 million.  In  19  73  it  had 


t.te  oeer  incustrv 


increased  to  3ij-2  2.1  million, 
tontr ibu i- 10 n amounted  to  12%  or  tne  state  ^ s total  oerscnal 
income.  Has  good  aggregate  figures  for  the  Idaho  beef 
■~n  d us  t.r  . No.es  . na  t . dano  r an  g e s ar  e in  ne^d  ^ ~ *^o  v ® — 
.ment;  questions  whether  private  investment  will  meet*  the 
nsscs 
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Bromley,  1.  W, 


Z.  Blanch,  and  H 


iooevensr 


136  3 


f Belecoed  Changes  in  Federal  land  I'se  on  a 


rrecos  or  i _ 

Rural  Bconcmy.  Agricultural  Experiment  Station  Bulletin 
60u,  Corvallis:  Oregon  State  University. 

Examines  the  extant  of  grazing  of  livestock  on  public 
lands  to  ascertain  the  extant  of  economac  activity 
attributable  to  the  use  of  these  lands  as  a- source  of 
cattle  forage.  Projects  the  i.mpact  of  a 2 3%  reduction 
in  federal  grazing  in  Grant  County  in  Eastern  Oregon. 
Major  impacts  of  the  grazing  reduction  were  a reduction 
of  gross  income  for  the  dependent  ranch  sector  of  10.33% 
and  5.55%  reduction  of  gross  income  for  the  .-.gri cultural 
Service  Sector.  ■ - 


)lark,  Richard  T. , Robert  R.  Fletcher,  and  Harley  J.  McKinney. 
137U.  The  Star  Valley  Economy  - an  Interindustry  Analysis. 
.•Agricultural  Extension  Service  Rasearc.h  Journal  35,  Laramie 


r- 


niversity  of  Wyoming 


C 


The  study  provided  information  to  be  used  i.t  community 
planning  and  decision  making.  It  Cl)  inventoried  types 
of  economic  activities  in  the  Star  Valley;  (2)  measured 
interactions  betwee.t  the  various  economic  sectors  ; 

(5)  estimated  the  relative  importance  of  the  sectors; 
and  (^)  identified  potential  development  alternatives 
for  the  area's  economy. 


Scrdi.ngly,  Robert  V.  and  W*.  Gordon  Kearl.  19 "5 
of  Range  Reseeding  i.t  the  ?lai.ts  of  Wyoming. 
Experi.me.tt  Station  Research  Journal  93,  Lara- 
of  Wyomi.tg. 


;.ccnomic3 
.a:  University 


Muc: 


Wyoming's  grazing  land  is  not  producing  forage  a* 


its  potential  economic  or  p.tysica_  _eve_.  .\a.tge  reseecin_ 
is  a good  alternative  for  increased  forage  without  increase: 
acreage.  This  study  determined  practices  and  i.tputs  used, 
costs,  and  returns  from  reseeding.  Reseeding  net  only 
increased  the  carrying  capacity  cf  the  range,  but  also 
gave  increased  livestock  gains  from  feeding  and  in'Creased 
reproductive  efficiency  of  the 


-a— 


/->/.  e-  - n 


Ccrr.e^^us,  uini.  -ry  / a.  i.r.terprise 

Madison  County.  Cooperative  Extension  Service  Bulleti.n 
1171,  Bozeman:  Mcnta.na  State  University. 


G 


Tata  was  gathered  in  1376  from  cow-calf  enterprises  in 
Northern  Madison  County  and  represe.ntative  costs  were 


a ^ roi'  a 


?he  goal  of  the  bulleti.t  was  to  halo  Madison 


tv 


coarators  evaluate  the  feasibility  and  prof itability 
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operation.  3 

tudy  showed 

that  a tytical  ooeration 

owning 

its  own  land 

with  a -/ery 

modest  debt  would  be  los 

ing 

money.  When 

assumptions 

were  changed  to  increase 

estate  debt. 

ths  rsvsr.ue 

wi£T*s-.v  cevsr'— c 

basic 

O 


cash  flew  requirecier.cs  and  Icng  ~erm  losses  ncuncad. 

Cornelias,  w^in.  1577h.  Enterprise  Costs,  200  Cow-Calf  Ranch, 
Powder  River  County.  Cooperative  Extension  Service 
Bulletin  1172,  Eczetian:  Montana  State  University. 

Same  format  as  previous  citation  and  same  conclusions: 
an  ooeration  with  li.mited  debt  would  be  losing  about 


335  per  calf  sold  at 
operation  didn't 
.more . 


ai-  _3/o  cattle  orices . 


If  the 


own  its  land,  it  would  be  losi.tg  much 


'-ornelius , Jim.  13"^7c.  Enterprise  Costs,  2 5 0 Head  Ccw-Calf 
^ench  «n  3_aine  County.  '-ooperative  extension  Service 
Bulletin  117  3,  Bozeman:  .Montana  State  Universitv. 

Same  rormat  as^previous  two  citations  and  same  conclusions 
an  operation  with  li.mited  debt  would  be  losing  nearly  315 
per  cair  when  sold  at  Fall  1375  prices.  .-\n  increase  of 


long-term  debt  increased  th 


e _oss  per  calr  to  roughlv 


Ooti.m’im  Entertrise 


C.  Kerry,  and  Melvin  D.  Skold.  1370. 
embinations  and  Resource  Use  on  .Mountain  Cattle  Ranc.hes  in 

Universitv  E;<oerLme.nt  Station 


O 


Colorado . 
Bulletin 


Colorado  State  Un. 

>3,  Fort  Collins:  Colorado  State  Universitv. 


This  bulletin  presents  an  a.^alysis  of  alternative  organiza- 
tions which  may  increase  returns  to  ranch  businesses  in 
the  .mountain  areas  of  Colorado.  It  describes  changes  that 
may  be  required  in  livestock  enterprises  and  grazing 

programs  i - opti.mum  use  is  to  oe  m.ade  of  ranch  rescur'^^s 
——50  evaluates  tne  effect  of  certain  livestock 
crop  manage.ment  practices  on  ranch  income . 

Gee,  C.  Kerry.  1972.  Economic  and  Cperational  Characteristics 
of  Colorado  Range  Cattle  Busi.nesses.  Experi.m.ent  Station 
Bulletin  55CS,  Fort  Collins:  Colorado  State  University. 


.his  oui_etin 


describes  economic  and  operating  characteristics 
of  range  cattle  businesses  in  Colorado  based  on  a sample 

13u  ranches.  R.anse  cattle  oroduction  in  Colorado 


survey  o: 

is  typifiec  oy  small,  private--/  ewnee  ranenes  , witn  an 
average  of  ucq  ami.mals  per  operation.  .Annual  feed  sources 
are  hay  — 25%,  private  ra.tge  --  55%  and  public  range  — 1 
Grazing  is  i.mpcrtant  to  Colorado  with  about  50%  of  its 
land  area  in  livestock  grazi.tg.  .Article  details  the 
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lack  or  rar.ga  rr.anageT.sr.tr  oracoicss  by  trhe  businesses 
involved.  Mentions  the  role  of  recreation,  nainiy  h-mting 
and  fishing,  in  bringing  income  to  the  ranchers,  with  22%  _■ 
having  an  income  from  each  of  these  sources.  The  ranchers 
with  recreation  entertrises  derived  of  their  156  9 
gross  income  from  these  activities.  Possible  range 
management  practices  mentioned  were:  fsrtilicsr  application, 
land  levelling,  land  reseeding,  sagebrush  control  and 


irrigation  i-morovement , non* 


wnic.n  ar 


>'o  r* 


cne  on  more 


than  5%  of  total  acres  being  used  by  the  ranchers. 


Gee , 


C.  Kerry,  and  Richard  S.  Maglsby 
of  Sheep  Production  in  the 
Economic  Research  Service, 


Characteristics 


;^5,  Washington, 


1975, 

Western  United  States.  U.S. 
Agricultural  EconcmicS"  Report 
U.S.  Cepartment  of  Agriculture. 


About  30%  of  sheep  i.n  the  U.S.  are  raided  in  the  Western 
U.S.  where  private  and  public  ranges  provide  the  bulk 
of  the  feed  req^uirement . .About  half  the  feed  requirement 
for  commercial  sheep  comes  from  private  range,  while 
tublic  range  supplies  about  cne-third.  Over  half  of  the 
commercial  sheep  are  graced  by  herders , usually  on  open 
('infenced)  range.  Sheet  srace  more  readily  on  shrubs  and 
brush,  where  as  cattle  trefer  grasses.  Sheep  also  have 
less  need  for  water  and  are  better  able  to  traverse 
rocky  and  steep  terrain. 


_ 1377.  untertrise  Budgets  ror  /'/estern  -ommer': 

'"'sheet'  Businesses,  19^^.  U.S.  Eco.nomic  Research^Service , 

U.S.  Detartmen- 


iV  CL  i . i § ..  w i i J * W ' 


Sheep  enterprise  budge”' 


'cr  19"“  are  oresentec  ror 

ma'or  troducing  areas  of  the  seventeen  Western  States. 
S'cmmaries  of  production,  costs,  returns  anc  operating 
oractices  are  given  for  enterprises  or  various  sices 
and  with  different  mana^ment  systems.  .-:ost  sneep  bus_n 
did  not  have  sufficient  sales^to  cover  -H  expenses  in 
ys?'-,  and  about  35%  were  unable  to  pey  cas.n  costs. 

Godfrey,  E.  Bruce.  1973.  Multiple  Use  Management  on  ?u 

Lands,  .A  Study  of  the  Morgan  Creek  .Area  of  ^Central  Icanc. 
.Azricul tural  Experiment  Station  Bulletin  Moscow; 

University  of  Idaho  College  of  .Agriculture. 

This  study  spells  cut  the  way  in  w.nic.n  t.ne  : 3 and^OwM 
evaluate  individual  areas  and  decide  on  managemen.  p_an 
fcr  these  areas.  Godfrey  uses  the  Morgan  Creek^area 

^ ^ 7 ^ a Z M <i5  in  — 2 ini  — 

the  PS  reasons  for  setting  up  the  p_an  as  tney 
?'"ovides  a ”ocd  understanding  of  the  mec.tanics  or 
a multiple  use  manage.ment  plan.  Multiple  use  — tne 
manage.ment  of  all  the  various  renewable  surface  rescurc 
of  the  national  forests  so  tnat  tney  are  uti_i— ed  — . ... 

''o«—  the  needs  i~ 
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:Ocfrey,  E.  Bruce.  1976. 
ir.  Cuscar  County,  Idaho. 


Costs  and  Returns  for  Cattle  Ranches 


Bulletin  Nc.  55' 


M 


loscow : 


Agricultural  Experiment  Station 
University  of  Idaho. 


O 


One  reason  for  the  predcminance  cf  cattle  production  in 
Idaho's  agriculture  is  the  large  vol’ume  of  forage  obtained 
by  domestic  animals  from  federally  administered  land  in 
Idaho.  The  cattle  and  sheep  of  35  3“*  operators  who  held 
permits  with  either  3LM  cr  ?3  consumed  roughly  1,730, GOO 
AUMS  of  forage  during  the  calendar  year  1972.  Report 
shows  that  many  ranchers  in  the  Morgan  Creek  area  are 
probably  subsisting  on  their  lands  at  relatively  low 
returns  as  part  of  a way  of  life;  to  some  return  on  invest- 
ment is  1-2%  to  some  there  is  no  return  on  investment. 


-he  occnomic  Role  of  Uild  and  Free- 


ifrey,  E.  Bruce.  1379a. 

Roaming  Horses  and  Burros  on  Rangelands  in 
United  States,  A final  report  submitted  to 
r crest  and  .Range  Experiment  Station,  Logan;  Utah  State 
University. 


the  Western 
the  Intermountain 


Codfrey  first  relates  the  history  of  WFRKB  legislation. 


interest  groups.  Most  obvious  impact  of  WFRH3  management 
IS  on  the  budgets  cf  the  federal  la.nd  ma.nageme.nt  agencies, 
3^.M  .naving  spent  1.7  mil 'ion  dollars  during  Fiscal 
1973.  Discusses  research  ne  in  the  area  of  WFRH3 , the 
greatest  cf  which  stems  frc  le  fact  that  very  little 
is  known  of  the  value  of  th.  ^emand  for  WFRHB.' 


O 


:cdfrey,  E.  Bruce.  1972  . Rangeland  I.mprovr.ent  Practices  in 
Idaho.  Forest,  Wildlife  and  RangeExper i.ment  Station, 
Information  Series  Number  1,  Moscow:  University  of  Ida.nc , 


-n  an  errort  to  increase  t.ne  anicunt  or  graoing  on  the 
range  lands  in  Idaho . administrators  cf  public  and  private 
lands  have  invested  large  amounts  of  capital  for  range 
improvements.  This  report  provides  a suoimary  of  the 
range  improvement  work  (brush  co.ntrol,  seeding,  water 
developments,  etc.)  that  has  been  completed  in  Idaho  and 
assesses  some  of  the  possible  i.mpacts  of 
on  the  economy  of  the  state. 


rnese  investmen 
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horses  or  2 CO  head  of  sheep.  Inf orToaoicr.  was  acquired 
through  interviews  with  a random  sample  of  I5G  rarichers 
and  farmers.  Results  were:  cow  and  calf  sales  provided 

al.most  all  the  cash  income  received  — average  was 
31,5  35  annually;  crops,  livestock  and  livestock  products  '■ 
produced  and  consumed  cn  the  ranges  were  i.mpcrtant  sources 
of  subsistence  — average  value  was  3901/year;  average 
rancher  used  5 to  10  times  more  labor  per  .AU  than  other 
studies  have  shown;  most  operators  of  small  ranches  had 
ether  employment,  with  only  33%  of  livelihood  from 
the  ranch;  3LM  grazing  permits  supplied  5%  of  total  grazing, 
while  F3  permits  supplied  over  20%  of  total  grazing. 


lewis,  Eugene  ?.  and  David  T, 


' a ' 


Imoact  of  Public 


lands  Polacaas  cn  the  Livestock  Industry  and  .Adjacent 
Commi^ittes  , 3ig  Kern  County,  Wyoming,  .Agricultural  Exter i.ment 
Statac.n  Research  Journal  115;  Laramie:  University  of  Wyoming. 

Federal  government  controls  79.5%  of  the  total  land  area 
of  3ig  Korn  County  and  leased  grazing  is  an  important 
use  or  thas  pubj.ac  land,  whale  use  of  federal  lands  fer 
recreation  and  tamber  has  been  of  lesser  imoortance . The 
doxlars  generated  by  the  livestock  sector  are  imoertant 
to  Big  Hern  County.  Changes  in  oublic  lands  admLnistration 


policies  will  restrict  the  c 


o'un 


output,  with  the 


livestock  sector  being  hurt  by  increased  fees  or  -razan=’ 
reouctaons . Policies  which  reduce  herd  size  and  the 


number  of  .AUH’s  available  for  ex: 


't  have  the  largest 


a.mpact  on  the  country  economy.  I.mpact  on  the  communities 
'*1— - small  as  long  as  ranchers  can  absorb  all  the  loss, 

but  these  ranchers  are  already  ooerati.ng  at  a lov;  net 
income,  and  the  question  will  be  whether  they  can  stay  in 
ouszness  zz  this  zneeme  is  reduced  even  further.  The  over- 
riding policy  question  is  the  federal  age.ncy's  responsibility 
to  the  local  communities.  If  the  agency  has  an  objective 
as  tne  support  cf  the  regional  economy,  then  the  economic 
I.mpact  on  such  areas  as  3ig  Horn  County  and  t.he  3ig  Horn 
S^szn  Region  should  be  assessed  when  assessing  grazing  fees 
and  deciding  availability  of  public-land  resources. 


Lewis,  Eugene  ?.  , and  Carnet  E.  ?re.mar.  13"9.  The  Econc.mio 
Value  of  Recreation  and  Tourism,  Park  County,  Wyomi.ng , 1375  . 
Community  Services  Division,  .Agricultural  Extension  Service 
Bulletin  3 55^,  Laramie:  University  of  Wyoming. 


Studies  the  Park  County  economy,  and  specifically,  the 
economic  impact  that  the  recreation-tourism  industry  has 
cn  the  county's  economy.  The  Park  County  economy  is 

including  agriculture,  mining,  manufacturi.tg  and  recreation- 
tourism.  The  recreat ion-tourism  industry,  in  1975, 
accounted  for  15%  of  total  county  emplcvt:.e.tt ; and  11% 
of  all  direct  economic  activitv. 
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ew:is  , 


Eugar.a  ?.  13"7a.  He” 
Input-Curpu”  Analysis.  Cc 
ExTension  Servica  Bulleriri 
Wyoming . 


icrangs  ^^ounoy 


mmunity  servica  division,  Ag 


p.cmy , an 


ic^3,  laramaa:  Universiry  of 


9 


Study  furnishes  economic  incut  data  for  the  decision- 


making process.  It  (1)  presents  the  sources  of  output, 
household  income,  and  employment  in  Hot  Springs  County, 

(2)  identifies  the  i.mportant  or  leading  business  activities 
in  the  economy;  (3)  presents  the  interdependencies  betveen 
the  various  segments  of  the  economy;  and  (^)  provides  a 
gauge  to  measure  the  i.mpact  of  change  in  the  econo.mic 
base  of  Hot  Springs  Ccenty. 

ewis , Eugene  ?.  1977b.  Big  Horn  County  Economy,  an  Input- 

Cutput  .Analysis.  Community  Service  Division,  Agricultural 
Extension  Service  Bulletin  3 5>a6,  lara.mie : University  of 
Wyoming . 

Study  furnishes  economic  input  data  for  the  decision-ma.king 
process.  It  (1)  presents  the  sources  of  output,  household 
income,  and  employment  in  3ig  Korn  County;  (2)  identifies 
the  Lmportant  or  leading  busi.tess  activities  in  the 
economy;  (3)  presents  the  i.nt ardependancies  between  the 
various  segments  of  the  economy;  and  C^)  provides  a 
gauge  to  measure  the  impact  of  change  in  the  economic 
base  of  3ig  Korn  County. 


O 


ewis,  Eugene  ?.  1977c.  Washakie  County  Economy,  an  I.nput- 

Cutput  .Analysis.  Community  Servica  Division,  .Agricultural 
Extension  Service  Bulletin  3 5*7,  Laramie:  University  of 

Wyoming . 


Study  furnishes  economic  i.nput  data  for  the  decision-making 
process.  It  (1)  presents  the  sources  of  output,  household 
income,  and  employment  in  Washakie  County;  (2)  identifies 
the  important  or  leading  business  activities  i.n  the  economy; 
(3)  oresents  the  interdatendencies  between  the  various 
segments  of  the  economy;  and  provides  a gauge  to 

one  economic  base  of 


measure  t.ne  i.mpac 
Wa  s haki e C oun  ty . 


surxe  anc  uanies  R.  Garrer*.  19"".  Zharaezeriszizs  of 
the  .Range  Cattle  Industry,  19'’2,  Region  III,  Mertheastern 
Nevada.  .Agricultural  ExperLment  Station  Bulleti.n  3 uo, 

Re.nc : Max  C.  Elesiohma.n.n  College  of  Agriculture,  U.niversitv 

of  Nevada. 

■Utsts  and  returns  and  managem.eno  oractioe  for  ranse 
livestock  operations  in  Northeastern  N'avada  ware  esti.mated 
from  data  collected  from  personal  i.nterviaws  . Met  ra-toh 
receipts  ware  low  and  there  was  a return  tt  assets  of 


on_v  aocut  2's. 


- v'a 


o 
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Williar.  A- 


Daisy, 


na 


:.-:ari.as 


c A.  ^ s s • 


Eccr.omic  Zvaluaricn  of  Range  Resource  Ir.prover.en~ . 
Agriculoural  Experiment:  Statrion  Euilerin  3 53  ^ 

Un i ver s i ov  of  '.vy oming  . ,-t 

The  primary  avenue  of  growtrh  for  the  range  livestock  industry 
is  through  internal  expansion,  that  is,  to  obtain  more 
forage  output  from  rangeland.  The  booklet  describes  a 
method  for  determining  the  prof itability  of  rangeland 
improvement  over  time.  The  method  is  a three  step  process. 
First,  estimate  the  production  function  of  the  practice. 

The  ne;<t  step  is  to  estimate  the  expected  rerurns  frcm 
i.mprove.ment  practices.  Lastly,  estimate  the  cost 
of  improvement  practices  and  determine  whether  returns 
are  greater  than  costs. 


Reryam,  1.  Stephen,  and  Carl  E.  Clscn.  .r/-3.  i.mpact  ^ 
Changes  in  BIl'!  Grazing  Policies  on  West-Central  Wyomi.ng 
Cattle  Ranches.  Agricultural  Experiment  Station  Research 
Journal  37,  Lara.mie:  U.niversitv  of  Wyoming. 


w'Sii 


Publication  exa.mines  the  effects  of  increases  in  the 
grazing  fees  charged  by  the  3LM  and/or  decreases  in 
permit  .nu.mbers  on  the  ranch  operator's  income  and 
methods  of  production.  Ranches  were  identified  as  to 
degree  of  dependence  on  3LM  forage,  high  dependence 
group  had  an  average  of  5 9%  of  forage  from  3I_M;  low 
dependence  group  used  an  average  of  2-.  5%  of  3LM  forage; 
ranchers  in  study  were  split  evenly  in  the  t*.>;c  dependence 
categories  and  a .model  ranch  was  determined  for  each 
group.  Linear  progra.mming  was  used  to  analyze  the 
sffects  of  changes . Fee  i.ncreases  and  oermit  reductions 
were  both  found  to  have  detrimental  effects  on  ranchers 
in  both  categories.  It  was  better  for  the  rancher  to 
have  his  oermit  numbers  reduced  than  to  have  a fee  increase. 
Returns  to  operator's  labor,  management  and  capital  were 
reduced  .more  by  the  fee  increase  to  achieve  a given  reduction 
in  use  is  achieved  with  permit  reduction. 


Quenemcen,  M.E.,  G.  Robert  Joh.nscn , and  Charles  E.  Egan.  1370. 
Costs  and  Returns  Estimates  for  a Farm  Flock  Sheet  Enterorise 


in  Southcentral  Montana. 


Coooeratives  Extension  Service 


Circular  1102,  3ozeman:  .Montana  State  University. 


Circular  shows  typical  cost-return  relationships  for  a 
farm  flock  of  sheep  in  the  Southcentral  area  of  Montana. 
Was  writte.n  by  r>/c  farm  advisers  and  one  agricultural 
aconc.mist,  mainly  for  the  benefit  of  sheep  ranchers  in  the 
area.  Retort  shows  a discouraging  negative  return  to  the 


labor  and  management. 


that,  given  the  prices,  yields  and  costs  given  in  the 
report,  the  rancher  would  be  better  off  to  lease  his 
past’cre,  sell  his  hay  a.td  grain  at  market 
labor  a.td  caoital  i.n  some  other  alternative. 
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Rey,  Mark  Edward. 


I a ■ 


A cririque  or  rne  aureau  or  lar.d 


Mar.agenenr ' 3 r:iar.ager.er.t  progra.T;  for  wild  horses  and  burros 
in  one  western  United  States. 

Chatter  III:  Interesting  critique  of  SLdi  tubiic  involvement 
strategies,  based  on  review  of  3LM  planning  documents. 

Chapter  V:  Analyted  recreation  visitor  attitudes  toward 

wild  horses  in  Pryor  Mountains  to  assess  the  value  of  the 
animals.  Survey  was  conducted  by  a short  questionnaire 
administered  through  interviews  , whic.h  measured  respondents  ' 
demographic  characteristics,  recreation  oreferences,  inter- 
pretive and  development  preferences , attitudes,  and  values 
associated  with  wild  horses.  Sample  size  approx.-  350. 
-Analysis  revealed  favorable  public  attitudes  toward  value 
of  horses  and  burros. 


Chapter  71: 
recreational 

Pey,  Mark  Edward. 


Discussed  visitor  use  and  preferences  for 
development  of  the  Pryor  .Mountain  complex. 


137  5 . An  evaluation  of  t.he  recreational  and 
i.nterpretive  potential  of  the  Pryor  Mountain  Wild  Horse 
Range.  31M,  Billings  District  Office,  Montana. 

Do  racclutate  develooment  cf  an  intertretive  and  recreation 
pla.n,  a sat  of  question.naires  was  administered  i.n  Lovell, 
Wyoming  to  determine  tourist  mctivaticn  for  passing  through 
the  area  (N=3G).  An.other  set  of  recreational  and  attitude 
questionnaires  was  administred  to  recreation  users  in  the 
Pryor  Mountai.n  Compex.  Demographic  data,  motivational  data, 
and  preferences  for  interpretation  and  develooment  of  the 
horse  range  were  collected  in  these  questionnaires  (.'T=3SG). 

Management  alternatives  and  their  corresocnding  intertretive 
- emphases  are  evaluated.  Relevant  elements  of  visitor  .moti- 
vatocn  and  preference  are  discussed.  Reccrjcendaticns  are 
made  for  manage.ment  of  horses  a.nd  recreation  users,  a.nd 
for  i.nterpretation  of  the  horse  ranze. 


O 


•>  a 7 -5 


.-n.  Analysis 


leed.  A..  D.  , and  L.  .A.  Horel 

and  Returns  in  California.  .Agricultural  Extension, 

Berkeley:  University  cf  California. 

Compilation  of  cow-calf  studies  from  the  nine  major 
counties  in  the  state  and  Stocker  studies  from  the  five 
major  counties  in  the  state,  all  point  to  the  fact  that 
it  was  difficult  to  be  profitable  in  the  cattle  i.~.dustrv 
— n the  1373—7  3 period.  Major  oroblems  were  hish  trice 
for  rangeland,  increases  in  taxes,  labor  and  other  costs. 
Cattle  and  calves  were  the  top-ranking  agricultural 
e.nterprises  in  California  in  13  71,  with  sales  of  over 
3340,330,300  , accounting  for  13%  cf  the  agricultural  i.ncc.me 
in  the  state. 


O 
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G 


atavens , 


G 


19"! . An.  Iccncr.ic  Analysis  cf  ><yci?.ing's 
Sheep  IndusTry  ( 1960  , 195- , 195  3 ) Agniculnural  Zxperiner.n 
Station  Bullenin  5-+c,  Laramie:  Universiry  of  Wyoming. 

Study  analvoes  economic  aspects  cf  range  and  farm  floc.k 
sheep  production  for  Wyoming,  with  separate  sections  for 
three  important  range  areas  and  three  different  years . 
Sheep  industry  is  having  difficult  financial  problems ; 
lamb  and  mutton  face  stiff  competition  from  red  meats 
and  poultry;  wool  must  compete  with  synthetic,  fibers 
and  cotton;  production  costs  are  rising  and  prices  for 
sheep  and  wool  are  variable.  Did  a comprehe.nsive  job 
of  surveying  the  Wyoming  sheep  industry,  and  identifying 
and  analyzing  the  factors  i.mportant  to  a profitable 
enterprise . 

Stevens,  Delwin  M.  1975  . Wyoming  .Mountain  valley  Cattle 

Ranching  in  1373  and  137-  --  An  Economic  .Analysis.  .Agricul- 
tural Experim.ent  Station  Research  Journal  95,  Laramie: 
University  of  Wyoming. 

Does  a very  thorough  job  of  analyzing  the  businesses  cf 
cattle  ranchers  in  the  Wyoming  .Mountain  Valley  area. 
Compares  size  cf  business  and  profitability  for 
three  different  ranch  sizes.  Coes  through  a good  er.’omer- 
ation  cf  the  factors  influencing  earnings  in  the  .Mcuntai.n 
Valley  area.  Covers  ranze  and  meadow  im.prcvements  t.nat 
typical  ranc.hers  do,  i.ncludi.ng  fe.ncing , brush  sprayi.ng, 
fertilization  of  m.eadcws  and  pastures  and  waterhcle 
development . States  that  although  about  11%  of  the  forage 
used  during  the  year  com.es  from  Forest  Service  lands, 
little  development  of  any  kind  is  done  on  these  federal 


c 
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Gcvarr.nier."  Plar.r.in^  Zccumer.rs 


Bureau  cf  lar. d Mar.aserer.": . -- 


1379 


Proposed  donesddo  Livestock;  grazir.g  aanagemenr  orogram  for 
the  Calier.te  area.  1E3  73-23.  Nevada  State  Office. 

?p.  2-36  to  2-33  descrihes  attitudes  of  county  residents 
toward  their  vocation,  lifestyle,  and  federal  policy  for 
publdc  lands.  Based  on  a county  value  survey  and  infernal 


discussdons  with  local  goverrjne.nt 
raneners . 


ottdcia-3,  citdzens , and 
Social  Econcnics  , Sectio.n 


?p.  10-33  to  13-101.  Appendix  3, 

S,  Impact  on  Attitudes,  Values  and  Lifestyles.  oescredes 
unravorable  feelings  of  ranchi.ng  community  toward  wild 
horses,  as  well  as  attitudes  toward  past  and  present 
federal  land  policy,  local  conrrol,  and  the  ranching 
---2S'7yle.  Sample  was  purpesive,  not  random;  consisted  cf 
56  ranchers  (55%  of  ZS  area  ranchers) ; method  used  was  guided 
conversation . 


1373  Missouri  Breaks 


urazeng  DZS . Montana  State  Office 


?.  2-5*  mentions  horses  as  an  aesthetic  resource  with  limited 
viewing  opportunities.  ?p.2-51  to  2-32  describe  supperm  cf 
local  residents  for  improving  wildlife  habitat,  land  and 

use  planning , and  effective  tredatcr  control,  as  lcn=’ 


O 


as  laves  to  c.< 


'azing  is  r.ot  crohibited. 


=asec  on  a 


Montana  State  University  13'’7  attitudinal  survey  and  on 
public  participaticn  responses. 

_373  Grand  junction  Resource  .A-rea  Orazing  Management  OZS. 


Jr 


State 


1373 


J »o  2— r J cuantativeiy  discusses  sccia_  anc  cu— tura— 
-“P-^udes  of  region  residenms  toward  ranching,  cheir  cemmunity 
and  Bill's  multiple  use  philosophy.  Information  gathered  from 
public  participation  analysis  contained  in  BKl  plarning  documents 

Proposed  domestic  livestock  grazing  manageme.mt  orozram  for 

Rawlins,  'Vyoming  listri; 


:.me  Seven  Lakes  Area,  PZS  . Rjw'l  ' '-5- — - — 


?p . 2-63  and  3-^1  briefly  describe  favorable  sociocultural 
*PPip'-des  of  ranchers  and  mineral  industry  persc.nnel  toward 
their  vocations,  towards  conzinued  multiple* use  of  oublio 
lands,  and  increasing  government  regulatio.n. 

= support  of  cermain  population  segments  for 

P-  wildlife  and  open  space.  infermati: 
public  particioation  meetings. 


o 
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137  3 Proposed  lives7cck  gracing  mariagerner.t  for  ode  Tula  dad -Heme 
: Camp  Plar.r.ir.g  Tnio.  PZS  . 'vashingoon  , D.C. 


?p . 2-132  00  2-133  describe  sccioculo'ural  aooioudas  of 
local  ir.oareso  groups  towards  wild  horses,  stressing  control 
of  population,  towards  control  methods,  as  well  as  several 
other  wild  horse  issues.  Attitudes  toward  ranching  and 
recreation  are  also  described.  Based  on  academic  and  3LM 
data  and  informal  telephone  and  person  interviews.  Table  9-1 
on  pp.  9-3  to  9-5  summarizes  comments  received  on  several 
resources  uses  on  the  DE3 , including  wild  horses. 

13 ■'3  Revised  range  management  progra.m  for  the  Challis  Planning 
unit.  Pinal  Supplemental  Z3.  Idaho  State  Office, 

Pp.  2-59  and  3-52  describe  unfavorable  attitudes  of  local 
residents  toward  wild  horses  a.nd  gives  9 reasons,  based 
on  12  interviews.  Information  also  included  on  attitudes 
toward  federal  management  and  local  control;  recreation 
development,  subdivision,  and  wilderness;  livestoc.k  operator/ 
community  relationships;  and  motivation  for  ranching. 


..3  d u A - — ' 


?.  A-131  describes  methodology  of  survey  and  preseni 
ments  on  wild  horses  with  n-umber  of  respondents  making  th«m 
3ample  was  purposive,  not  random;  method  used  wv 
conversations . 


;as  tuided 


1975  Seco.nd  Report  to  Congress,  Administration  of  Wild,  Pree- 
Roaming  Horse  and  Burro  .-.ct  of  13  71.  Washi.ngton,  I.C. 

P.  7 summarizes  recent  public  sentiment,  stating  heavy  supper 


ror  protectionist  position,  out  conc_ucing  tnat 
some  suooert  for  maintaining  horses  and  burros  ; 


• • S ^ -r 

balance 


with  other  species  and  with  habitat. 

1375  Livestock  grazing  management  on  national  resource  lands. 

PE3  75-3.  Programmatic  3tatemant.  Washington,  I.C. 

Appendix  II-3  presents  a 2 page  discussion  of  the  social 
aspects  of  grazi.ng  manage.ment  on  national  resource  lands , 
based  on  the  distribution  of  individual  permitees  by  size 
of  p ermi t . 

National  Park  Service.  -— 

1973  Prcocsed  feral  b’urro  management  and  ecosystem  restoration  - 

plan  and  draft  environmental  statement,  Srand  Canyon  Nationa- 
Park,  .Arizona.  IE3  79--. 


.Appendix  H gives  a summary  analysis  or  puo-ic 
the  original  1375  Peral  Burro  Management  Plan 
.Assessment  which  oroocsed  direct  reduction  (shooting)  anc 
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Znvironnien“al  i.T.pacTS  section  cascriies  qualitatively  the 
impacts  of  direct  reduction  and  herding/ fencing  on  peotle 
concerned  accut  ourros.  (Section  H - Impact  : 

Environment) . 


J 


Scciceconcmic 


1377  Grand  Canyon  Mational  Park  ’’Burro"  letter  Synthesis,  Phases 
I - V,  June  1375 — May  1977.  ’Jnpuhlished  manuscript. 

.Analysis  of  letters  and  petitions  respcndi.ng  to  the  1975 
Peral  Burro  Management  Plan  and  Environmental  Assessment. 
Responses  are  orcka.n  down  hy  position,  reason  for  position, 
geographio  area  of  response,  a.nd  numoer  of  names  for  each 
basic  reason.  Most  opposed  to  shooting.  Approx.  15,300 
responses  were  received. 

1377  Bandelier  Mational  Mc.nument.  Review  of  .Alternatives.  March 


So  participants  at  a 197  5 .workshop  on  the  Peral  Burro 
.Manage.ment  Environmental  .Assessment  were  polled  by  questionna: 
on' a variety  of  burro  management  alternatives.  The  Review 
describes  the  alternatives,  and  a.nalytes  percentage  oT 
respondents  favoring  each.  3a.mple  was  ncn-random  a.nd  sample 
size  is  unclear,  since  some  mail  responses  were  received 


a.nc  tota-  samp-e  size  cs  not  gcve.n  in  t.ne  paper, 
are  available  for  exami.nation  at  Bandelier. 


-t.ner  government  iocu.mer.ts 


Ouestionnaires 


J 


■J.S.  Congress.  House.  Co.mmittee  on  Interior  a.nd  I.nsular  .Affairs. 
19"5.  H.R.  23  33  , H.R.  ^577  , and  H.P..  5 75  3 to  .Amend  the 
Pederal  law  Relating  to  the  Protection,  Ma.nagement , and 
Control  of  Mild  r ree-.Rca.ming  Horses  and  Burros  on  Public 
Lands.  Serial  Mo. 

Positions  for  and  against  aircraft  use  and  motorized  vehicle 
use  in  rcundups  for  management  ourtoses:  ability  of  Secretar’^ 
to  transfer  title  of  adopted  horses  and  burros  to  the  adooters . 
Positions  based  on  humane  concerns  , right  of  stockme.n  to 
use  public  grazing  lands,  need  for  manage.ment  to  conserve 
public  rangelands  and  indige.nous  wildlife  populations. 

■J.S.  Congress.  Senate.  Committee  on  I.ntericr  and  I.nsular  .Affairs. 
1971.  3.  96  2 , S 1115,  S ICSO,  and  S.  1119  tc  .Authorize  the 

Secretary  of  the  Interior  and  the  Secretary  of  A.griculture  to 
Protect,  ManaxS  and  Co.ntrol  Pree-.Rcami.ng  Horses  and  Burros  c.n 
Public  Lands.' 

3cth  the  above  hearinss  exoressed  a r.'um.ber  of  concerns : need  

for  management-,  competition  wimh  other  species;  need  for 
humane  protection,  pre'/ention  of  extinction;  aesthetic, 
recreatacnal , and  historic  heritage  values. 

J.S.  Congress.  House.  Committee  on  I.nterior  and  Ins'ular  .Affairs. 
1371.  H.R.  733  and  H.R.  S2~S,  Legislation  to  .Authorize  the 
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Pro’cecrion,  Management,  and 
and  Burros  on  Public  Lands. 


S er ial 


f Free-Roaming  Horses 


.on: 


iss.  ie.nate. 


jmmittee  on  Znerty  and  Natural  Resource-s . 


-3/3.  P’uo-ic  .^ange.ancs  improvement  .-.c: 
Mo . 55-173 . 


Publioation 


Testimony  on  amending  PL  92-195  to  allow  removal  of  excess 

n (to  adootion 


c s T 3 — n ^ * 


horses  and  burro  on  Secretarial 
or  humane  disposal)  and  to  allow  adopters  to  receive  title 
after  one  year.  Usual  interest  group  positions  expressed 
as  in  H.R.  2935  et  al.  above. 


U.3.  Congress.  Senate.  Committee  on  Energy  and  Natural  Resources 
1977.  Oversight  of  the  Wild  Free-Roaming  Horses  and  Burros 
Act  of  1971.  Publication  Mo.  95-53. 

Concerned  mainly  with  biological  and  man'agement  questions 
in  administration  of  the  Aez . Usual  positions  taken  by 
various  interest  groups  as  in  H.R.  2925  et  ai.  above. 

U.3.  Congress.  Senate.  Committee  on  Interior  and  Insular  .‘Affairs 
1974.  The  .Administration  of  Public  Law  92-195  — The  Wild 
and  Free-Roaming  Horse  and  Burro  .Act  of  1971. 

Cversight  hearing  prompted  by  the  Howe  Massacre.  Expresses 
humane  values . 


U.S.  leoartments  of  Agriculture  anc 
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Studv  of 


rees  ror  araci.tg  _uvestoc.< 


recera-  _ancs 


U.S.  Government 


Printing  Office,  Washington,  C.C. 


This  joint  study  by  the  Departments  of  .Agriculture  and 
Interior  describes  the  history  of  graci.ng  fees  a.nd  covers 
the  issues  related  to  the  current  system  of  fees.  The 
retort  then  out  forth  trcoosals  from,  several  different 
agencies,  discussed  these  alternatives,  and  concluded  that 
the  1959  fee  system,  with  .modifications,  would  be  put  into 
effect  as  of  the  1973  grazing  season. 


u . s 


Deoartment  of  Commerce.  1973.  The  forage  resource.  Public 

Off ice , 


Land  Law  Review  Commission.  U.S.  Governme.nt  Printing  ^ 


Washington,  D.o. 

The  report  assesses  the  m^agnitude  and  im.portance  of  the 
forage  resource  on  public  lands  and  the  livestock  industry 
dependent  on  it.  It  exam.inas  the  i.mpcrtance  of  the 
forage  resource  to  local  economies  by  drawi.ng  on  existing 
studies  and  through  a detailed  analysis  of  eight  ccuntces 
that  were  selected  because  they  have  significant  areas  of 
oublic  forage  lands . The  nature  of  conflicts  between  range 
uses  and  other  reso’urce  values  and  uses  are  also  exam.cnec  in 
the  study. 
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- . i . De^ar”n:an 


— — r> 


U Climi S T' C 2 • 


selecTsc  r^sicna-  eccnom-ss. 


I.T.pac-  cf  public  lands  on 

land  Law  Review  Con-mission. 


Q 


Clearinghc-ase  for  Raderal  Scianoifio  and  Technical  Informaoicn, 


This  sfady  compared  ohe  relative  economic  importance  of  major 


e ) 


commodities  produced  on  public  lands  (timber,  forage,  energy 
fuels,  minerals,  outdoor  recreation  and  intensive  agricultur 
for  Washington  State,  a portion  of  the  Colorado  River  Basin, 
and  U.S.  as  a whole.  The  study  then  evaluated  the  effect 
of  these  public  land  outputs  on  other  sectors  cf  the 
regional  eccncmies , and  by  I-C  analysis  estimated  the  Lmpacts 
of  change  i.n  the  level  cf  these  outputs  on  the  regional 
economies.  Sased  on  the  above,  and  on  other  relevant 
information,  the  study  eval-cated  the  role  cf  public  lands  in 
bcth  local  and  regional  economies. 


U.S.  Department  of  Commerce.  1370.  Cne  third  of  the  nation's 
land,  a report  to  the  President  and  to  the  Congress  by  the 
Public  Land  Law  Review  Commission,  U.S.  Government  Printing 
Office,  Washington,  D.C. 


This  study  was  mandated  by  Congress 


3 W 1.211  — . 


p-ablic  Land  Law  Review  Commission.  The  Study  explores  all 
salient  areas  of  public  land  law  and  makes  recommendations 
meant  to  help  the  federal  agencies  m.anage  those  lands  that 
are  under  their  urisdiotion . Sections  of  interest  are 

ut'cre  land  use;  range  resc-urces,  and  cutdocr 


the  olannit'^  o~ 


o 


U.S.  Departmient  cf  Commerce.  1370. 

public  lands,  and  rescurces.  Public  Land  Law  Review  Commission. 
•Waticnal  Technical  Information  Service,  Washington,  D.C. 

. Cbo  active  of  the  st-udy:  develop  and  crganioa  for  the  Public 

Land  Law  Review  Comjnissicn  information  shewing  the  manner 
in  which  various  user  fees  and  charges  for  public  la.nds 
and  resources  are  developed,  the  affect  cf  the  m.anner  in 
whach  they  are  detarm.ined,  the  level  of  reven-ues  derived  from 
the  fees  and  charges , and  the  probable  affect  of  possible 
alternatives  to  the  existing  legal  strucfure  g-uiding  the 
levying  of  fees  and  charges . Report  covers  fees  and  chartes 
for  timber,  grazing  and  outdoor  recreational  use.  Contains 
good  statistical  section. 


U.S.  General  Acco-unting  Office.  1377.  Public  rangelands  contin-c; 
T3  • SwScic.!.  PvSccr'T  or.  sno  ' 


Management  or  P-ublic  Rangeland,  Washington,  D.C. 


0001.0ns  ""o 
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T.anagers  follow  headquarters  ir.structions  on  updating  xanage- 


• ment  oxans  and  taxe  oieasures 


sto: 


lestrucoive  continuous 


grazing.  Cn  lands  where  ir.pler.entat ion  of  .management  plans* 
is  pending;  an  assessment  needs  to  be  made  of  31*M  actions  >. 
to  improve  rangeland  conditions;  and  3LM  field  managers 
will  be  required  to  seek  assistance  from,  livestock  operators 
in  orcviding  essential  range  i.mprovement  facilities. 


Pooular  Journal; 


.Amaral,  .-Anthony.  1971  The  wild  hcrse  - worth  saving?  National 
Parks  and  Cons.,  March:  21-2^^. 

.Article  discussing  primarily  a massive  roundup  of -7  0, GOO 
.Nevada  wild  horses  in  1350  ; Expresses  .need  fcr  managem.ent. 


' 071 


Threat  to  the  free  soirit:  the  cuestion 


or  t.ne  mustang's  future.  The  .American  West , 'September: 
5 2-5  3 . 


,3-17, 


o 


Positio.ns  of  wildlife  .managers,  stockmen,  3LM  and  the 
International  Society  for  the  Protection  cf  Mustangs  and 

to  1371  passage  of  PL32-1S3.  . 


3urros 
.-An on '/me  us  . 


ust  prior 

■’■h 


The  last  roundup?  Newsweek.  12  May:  35-9! 


Local  citizens'  views  about  t 


Pryor  .Mountain  Range  at 
ti.me  the  wild  hcrse  refuge  was  bei.ng  established  there. 


.Anenymeus . 13  74.  Wild  horse  rights: 

Colorado  3usi.ness.  lC-):2  3-24. 


:.ne  mustangs 


Tiscusses  PL  32-135.  Ranches  are  distressed  because  i.n  some 


oases  they  must  now  snare  -ease 


ind 


nerses  anc  tney  are  rorbidden  to  round 
•endering  plants. 


. W . — w 

'ses  00 


.Afwill,  Lionel  .A.  19  79.  Uo  to  our  ears  in  asse: 

7(2). 


3ac.<tac.<e: 


Excellent  summary  of  the  burro  proble.m  cn  National  Park 
Service  lands.  Qualitatively  covers  history  of  the  problem, 
views  of  prinoipal  interest  groups,  biolgoical  information, 
PL32-195  , and  managem.ent  alternatives. 


o 


3randcn , William.  1372.  Wild  horses  of  the  weso.  Sierra  Cluo 
3ull.  Septemner:  --10,  37. 

Ciscussion  of  why  PL32-135  was  passed  overwhel.mingly  p.d  why 
wild  horses  have  olai.med  so  .much  aotention  and  publicity. 
Histor''/  cf  horse  . lefense  cf  wild  horses  as  syTiools  or 
freedom  and  wildness. 
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)erilippo,  Florence.  IS^G. 
Korsertan's  Yankee  Pedlar 


olea  for  the  wild  horse 
3(11):  32-33. 


O 


Strongly  protectionist  article  descrioing  slaughter  and 
hun-ing  of  wild  .horses.  Meed  for  legislation  is  outlined. 


DeWald,  3ud. 
.Magazine . 


1356.  .A.  he-man's  sport.  .Arizona  Days  and  Ways 

3 .Aoril:  5-3. 


•Article  promoting  burro  roundup  as  a population  control 
measure,  as  well  as  a tourist  attraction.  Reflects 
dominichistic  attitude. 


Dodge,  Matt  M.  1331. 


Anecdotal 


Running  wild. 


National  Parks.  25:lQu- 


n _ 


account  or  proclems  or  3ra_  species  in  sout.tweste: 
natipnal  parks  and  monuments,  by  an  MPS  chief  naturalist. 
Short  account  of  sentimental  public  objection  to  early 
burro  control  program.  Sentiment  attributed  to  humanistic 
and  utilitarian  attitudes. 


_ 3 . 

n 


Downer,"  Craig’  C.  1977.  .Man's  attitudes  toward  the  wild  horse. 
Wild  Horses:  Living  Symbols  of  Freedom.  Western  Printing 
and  Publishing  Co.,  Sparks,  Nevada. 

11-page  cyualitative  description  of  attitudes  of  .American 
Indians,  Spanish  colonialists,  early  homes teaders , tresent 
stockmen  mustangers  , hunters  and  game  ma.nagers , and  wild 
horse  enthusiasts.  Biased  strongly  pro-horse. 

Hamilton,  Samantha..  1373.  Myths,  magic  a.nd  the  horse.  Zcuus. 
13,  November:  31. 

Light  treatment  of  man's  mythical  and  symbolic  relationship 
to  horses,  illustrated  mainly  from  Greek  m.vth. 


O 


.-.opson,  uanet.  -i/7. 
Cutside , September. 


.A  modest  orooosal  for  the  desert  as: 


Short  and  superficial  treateme.nt  of  burro  history  and 
management  problems,  including  views  of  NPS  managers  and 
burro  protectionists.  Slightly  anti-burro. 


Leadabrand,  R.  1355.  Long-eared  problem  child  o: 
Desert  Magazine,  J/une:  13-12. 

Gutlines  a.nd  discusses  ooocsi.nz  orotecticnist 


2 er  t 


'.eld  bv  those 


an  c man a * em  e f 
otoosi.ts 


views.  .“lanagemient  view  is  t.ta 
burros  on  grounds  of  being  a feral  species  and  of 
competition  witn  native  wi_ dice.  v,ut_ ines  — egis— aticn 

proteci.tg  the  burro  in  California. 


O 
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Liiman,  Joan.  1975.  A battle  in  Nevada  nay  decide  the  fate  of 


the  wild  h 


Aug : 1,7. 


Contention  between  511^  and  Nevada  over  the  .Adott-a-Hcrse 


Program.  Hcghlcghts  various  stands 


— - r-i  .'J  — a n tf 


nvircnmen^a. 


grouts,  ranchers , and  wild  horse  societies. 

.Most,  Chuch,  195  3 . Wild  horses  of  the  Pryors.  Defenders  of 
Wildlife  News,  i^5(l):5  3-72. 

X 

Describes  establishment  of  Pryor  Mountain  Wild' Horse  Range 
including  public  outcry  at  3LM  management  plan  for  the  area, 
public  meetings  to  determine  sentime.nt  on  alternative 
trotosals  for  the  Pryor  area,  and  establishm.ent  and  wqri<- 
of  advisory  board  In  maki.ng  reccmme.ndations  for -futuf’e 
management.  , _ 

Caxley,  Charles.  1975.  Wyoming '^s  free--rta.ming  horses.,^  Wyomi.ng 
Wildlife,  M-O  ( 9 ) : 28-31.  . . 1 il  ' ' 

Espouses  need  for  measures  to  control  and  conserve  horse 
populations,  native  wildlife,  and  rangelands,  despipi 


understanding  or  senti.me.ntaj.  value  or  norses 


:o  Dublic . 


.-.eiss,  000 


7 n 


m ^ ^ ^ 


j 'une . 


Wild  horses:  cur  r'unaway  heritage.  Icuus , 


Excellent  and  comprehensive  article  outlining  controversy 
over  wild  horse  .management,  giving  views  and  management 
alternatives  of  various  interest  groups,  scientists, 
and  312^1.  Problems  with  enforcement  of  legislation  and 


accption  program. 


Pontrelli,  Michael  J.  1553. 
Defenders  of  Wildlife  News 


'rotection  rcr  wi_c  mustangs, 
lu  ( u.  ) ; 1141-115  . 


Describes  proposed  Senate  bill  2155  for  mustang  protection, 
describes  positions  of  National  2'tustang  Association,  Spanish 
Musta.ng  Registry,  Internatic.nal  Society  for  the  Protection 
of  Mustangs  and  3urros , describes  author's  suggested  provisi 


Regenstein,  lewis 
lawsuit  but  still 


19  73  . .America's  wild  horses 


■-S  o 


.Macmillan  Publishi.ng  Co.,  New  York. 


History  of  the  fight  to  save  the  wild  horses  , from  a 
humane.'’ orotect icnist  viewooint.  Presents  views  ot  seve: 


interest  groups, 
to  save  wild  horses. 


I. 


:ecT icn  13 


(^.  (u  o ( r 
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Ryden , -Hcr;e . 1371.  Sccdbye  to  the  wild  horse?  .-.seder's 

.May:  2 2 7-2  3 2. 


Condensation  of  197  3 version  of  Ryder. 's  hook  A.nerioa's 
Last  L'ild  Horses.  Expresses  strong  troteot ionist  senti.nent 

' - 'r-~1371.  On  the  track  of  the  west's  wild  horses. 

.Matoonal  Geographic  13S  (1):94-139. 


_ Describes  the  area  i.n  which  wild  horses  live  and  her  own 
experiencs - with  them.  Largely  natural  history,  with 
protectionist  sentiment  expressed.  Illustrated  with 
-many -photographs  . 

Spencer,  Dick.  1959.  Plight  of  the  .mustang.  Sports  .-.field. 

December:  23-23,  91. 

■ ' “ “ Early  -expression ' of -protectionist " sentiment . Describes 
situation  of  horses,  recommends  establisrutent  of  refuges 
and  control  of  ocoulaticns "as  .necessarv. 


Taylor,  Ronald  3.  1977.  The  burro  or  the  bighorn?  Mational 


Par.ks  and  Conservation 


.Magaocne, 


51  (9):  13-14. 


Mcnnative  feral  burro  must  be  eliminated  from  Death  Valley 
Matio.nal  Mcnu.ment  if  native  desert  bighorn  sheep  is  to 
survive  in  one  of  its  last  ranges.  Strongly  anti-burro. 

Thomas,  Heather.  1377.  A cattle  rancher  views  the  wild  horses. 
American  Horsem.an,  Mo  month:  ?p  27,  52-37,  51. 

Critioyue  of  position  of  the  .-.merican  Horse  Protection 
.■Association's  position  towards  3LM  and  stockmen.  Cualitative 
defense  on  biological  a.nd  social  gro'unds  of  horse  managem.ent 
. and  ranchers'  use  of  public  lands  for  grati.ng,  as  part  of 
use  and  treservatio.n  of  oublic  rangelands. 


J 


Thomson,  David.  19  72  . Cne  final  figh“  for  .■America's  wild  horses 
True,  The  .Man's  Magazine,  February:  27-29,  33-,  3 2-85. 

Describes  both  positive  and  negative  attitudes  of  western 
stoc.kmen  towards  wild  horses,  based  on  i.nterviews  with 
two  ranchers.  E.mphasioes  S’.tnbolic  value  of  horse 
representing  .■America's  western  heritage  as  moving  forte 


Trueblood,  Ted.  1975.  Disaster  on  the  western  rangt:, 


and  Stream,  73C3):  1'^  , 2 2 - 2 3 . 


.E:^pres3es  feeling  of  aut 


wild  horses 


ourros  oecauso  of  effects  o.n  native 
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Weight,  Harold  and  Lucille  Weight.  1351.  Death  or  refuge  for 


our  acsert  ourros.  --a.:.aco 


.A.  wo 


-..J 


tor  orot.ter 


Two  early  articles  advocating  extreme  protectionist  position 
based  on  humanistic  senti.ment.  _ .7  " V~;  ' 


Willson,  Roococ 
nightingles 


rrompted 


G.  1957.  Will  it  be  life  or  death  for  Arizona 
.Arizona  Days  and  Ways  Magazine,  March:  33-39. 

by  a bill  introduced  into  the -.Arizona  State  senate 
to  protect  burros.  The  author  favors  protection,  disputing 
biologists'  claims  of  competition  with  bighorn  sheep-.,  ^ 

Wood,  Harold  William.  197u.  Death  Valley:  desert  wilderne 

in  danger.  National  ?arks_and  .Conservation -Magazine , a3( 

Anti-b’urro  sentiment  a:<pressed  based  on  destruction  of 
.natural  ecosystem  and  competition  with  bighorn  sheep. 

Wood,  Na-ncy.  195  9 . The  wild  horses  — heritage' or 
•Audubon,  November:  Ac- 51. 

General  discussion  of  problem.  Includes  early  history  of 
roundups;  refuges;  and  attitudes  of  cattlemen,  SU".  officials, 
oldtimers,  protectionists,  weekend  cowboys. 


Jild  Horse  Organized  Assistance  Inc. 
members  on  oriorities  of  concern. 


Un  p ub  1 i s h e d s ur ey  . 


roll  done  through  WHOA  newsletter.  response  (N=55  95  ) 
Priorities  in  descending  order:  protection,  improvement 
of  adoption  program,  habitat  studie: 


'.erses,  educating  for  '.,-ildlif^ 


Ccrresoondence  and  Gliooing  Files 

3LM  Division  of  Wild  Horses  and  Burros,  Washinrto: 
1.  Ccrresoondence 


Private  i.ndividuals 

Dates:  1957  - 53  present 


general  comment  and  cyuestaon  letters 
after  being  answered, 
location:  1373-75-present  - DIM 

?rs—1373  — Fcdersl 
Nuinosr*  • ‘Jn/cucwn 


r^j  W 
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CcTigrsssicnal 


O 


warej  : 
3ub" ec 


- o 


3 (?J 


s s cr.  . 


'^--ars  frcr.  Ccr.gress~.en  and  lecrers  cassed  cn 


•■^'^77:  '-'OT 


cnscazucncs  on  all  aspaccs  o5  che  issue, 


accacicn;  _r . < n-oresenr 


O’  M 


?”2-_37S  - Federal  Center  storage 
iTuiacer:  10G-2G0  year. 

2.  Clippings 

Dates:  1374  - present 

Kow  filed:  3y  year 

N'umier:  Approximately  2GQ 

Contact  for  all  .material:  Dobert  Serin 3-er 


National  Park  Service,  Grand  Canyon.  — 

CorresDcnde.nce  ■ 

'Dates:  ISCS-IS'C 

Su.03  act : Responses  to  1375  burro  re.'ncval . orctooal 

N-omber:  .Appro  xi.tiately  15,GCG 

location:  Gra.nd  Canyon 

Contact:  u am  ".v'alters 


National  Park  Service,  Death  Valiev  National  .Nonument 


O 


Corresoor.der.ee 

Dates ; 

1374(?)  - present 

Sub; act : 

3urro  management 

Number: 

500-500 

location 

: Death  Valley 

Co.ntact : 

Peter  Sanchez 

National  Park  S 

ervice.  3andelier  National  Non’oment. 

Correspondence 

Dates : 

1974  - oresant 

Subj  act: 

Surfro  management 

Nu.mber : 

75-100 

location 

: oandeliar 

Contact : 

Dr.  Milford  Fletcher,  NFS  Southwest 
Sante  Fe . N . M . 

W-'_r  Horse  Crza, 

nazac  .Assastance.  Cnc.  , Reno.  Nevada. 

Correspondence 
Dates : 


Sub-ect 


.corse  aovers 
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N'jmber:  Several  thousand 

Location:  WKOA  office 

Contact:  Mro . Dawn  Laooin 


American  Horse  Protection  As 


sociaticn , Was hin c n 


Correspondence 

I 


1359-?resant,  filed  by  yea: 
Subject:  Koroe  and  burro  issue® 

Number:  ISO C- 2020 

Location:  AK?A 


2 . 


Clippings 
Dates : 


Number : 

Location 
^ . 

wwi.  v.ac  _ : 


Horses:  1969  - present 

Surros  : 195  7 - present  ’’ 

Soled  by  vear 
Over  1000 

AHBA  _ ;■ 

Mrs.  Joan  Blue 


H'-mane  Sccaaty  of  the  'J.S.,  Washington,  D . C . 


Correspondence 

Cates:  aarly  127  Q-' 3 - present 

How  filed: 


-y  i"Cavodual  writang  letter,  not 
would  be  difficult  to  pull  cut  wi 


burro  concerns  . 

N ujub  e r s : Un  kn  o wn 

Location;  HSUS 

Clippings 

'>^s.“ss : Uncertain 

Subject ; Acottion  cresrem  and 


: uncus s 


cw  filed;  3y  subj  ect 
Number:  Several  hundred 

Location  HSUS 

Danttlcr,  Marc  Paulhus 


Contact : 


Still  Seeking  to  be  Analysed 
Books 


Middleton,  Christopher.  lO'S.  Wild  Horse. 
:^notting. 


iceptre  Tress, 


Thomas , Heather . 1972, 

South  Brunswick,  N.J. 


The  Wild  Horse  Contrev 


srsv . A.S.  Barnes 


o.  ir 
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